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ABSTRACT
S tu d ie s  w ere conducted  o v e r a  tw o-year p e r io d  to  in v e s t ig a te  
th e  in f lu e n c e  o f  c u l t i v a r , m a tu r i ty ,  and f e r t i l i z e r  on q u a l i ty  o f 
o k ra  (Abelmoschus e sc u le n tu s  (L .)  Moench) pods. An an a to m ica l 
s tu d y  was d esig n ed  to  de te rm in e  th e  e f f e c t s  o f  f e r t i l i z e r ,  c u l t i v a r ,  
m a tu r i ty  and s e c t io n  o f pod sam ples on number o f  th ic k -w a lle d  ( f ib e r )  
c e l l s .
E f f e c ts  o f  d i f f e r e n t  c u l t i v a r s  on v a r io u s  q u a l i ty  f a c to r s  w ere 
s tu d ie d  d u rin g  th e  1971 grow ing sea so n . C u lt iv a r s  s e le c te d  were 
'Clem8on S p in e le s s , '  'Em erald* and 'L o u is ia n a  Green V e lv e t . '  C u lt iv a r  
s i g n i f i c a n t ly  a f f e c te d  pod w eigh t and le n g th .  ' Clemson S p in e le s s ' 
had s i g n i f i c a n t l y  low er d ry  m a t te r ,  m u scilage  and f i b e r  c o n te n t 
( f r e s h  w eigh t b a s i s )  th an  'E m era ld ' o r  'L o u is ia n a  Green V e lv e t . '  No 
d i f f e r e n c e s  betw een th e  c u l t i v a r s  'E m era ld ' and 'L o u is ia n a  Green 
V e lv e t ' were n o te d . C u l t iv a r  had no s ig n i f i c a n t  in f lu e n c e  on pod 
c o lo r  (O .D .) o r  f i b e r  c o n te n t (d ry  w e ig h t b a s i s ) .
Age o f  pod (m a tu rity )  (5 , 7 , 9 , and 11 days) s i g n i f i c a n t ly  
a f f e c te d  a l l  th e  q u a l i ty  f a c to r s  o f  th e  th r e e  c u l t i v a r s .  Both 
c u l t i v a r  and s ta g e  o f  m a tu r ity  s ig n i f i c a n t ly  a f f e c te d  pod le n g th ,  
m u sc ilag e , f i b e r  c o n te n t (d ry  w e ig h t and f r e s h  w eigh t b a s is )  and 
number o f  th ic k -w a lle d  c e l l s .  'C lem son S p in e le s s ' had s h o r te s t  
po d s, lo w est amount o f  m u sc ilag e  and th e  h ig h e s t  f i b e r  c o n te n t (dry
v i i
v i i i
w eigh t and f r e s h  w eigh t b a s i s ) .  'Em erald* produced th e  lo n g e s t  pods, 
h ig h e s t  m usc ilag e  and medium f i b e r  c o n te n t (d ry  w eigh t and f r e s h  
w eight b a s is )  and number o f  th ic k -w a lle d  c e l l s  among th e  th re e  
c u l t i v a r s .  'L o u is ia n a  Green V elvet* produced medium le n g th  p o d s, 
h ig h e s t  m u scilage  and lo w est f i b e r  c o n te n t (d ry  w eigh t and f r e s h  
w eigh t b a s is )  and number o f  th ic k -w a lle d  c e l l s .  'Emerald* and 
'L o u is ia n a  Green V elvet* showed no s i g n i f i c a n t  d i f f e r e n c e  in  t h e i r  
m uscilage  o r  f i b e r  c o n te n t .
F e r t i l i z e r  had no s ig n i f i c a n t  e f f e c t  on q u a l i ty  f a c to r s  d u rin g  
th e  y e a rs  1971 and 1972. T h e re fo re , a d d i t io n a l  o r  e x tr a  n i tro g e n  o r 
com plete f e r t i l i z e r s  had no in f lu e n c e  on q u a l i ty .  F e r t i l i z e r  and 
pod tag g in g  d a te  b o th  r e s u l te d  in  s i g n i f i c a n t  d i f f e r e n c e s  in  th e  
number o f  th ic k -w a lle d  ( f ib e r )  c e l l s  i n  1971, and in  m usc ilag e  
c o n te n t in  1972. These d i f f e r e n c e s  may be due to  d i f f e r e n t  en v iro n ­
m en ta l c o n d itio n s .
D if f e re n t  f r u i t  s e t t i n g  d a te s  ( a ls o  r e f e r r e d  a s  tag g in g  d a te s )  
on a l t e r n a t e  days h e n c e fo r th  caused  s i g n i f i c a n t  v a r ia t io n s  in  
w e ig h t, le n g th ,  d ry  m a t te r ,  m u sc ilag e , and pod c o lo r  in  1971, and in  
w e ig h t, le n g th , d ry  m a t te r ,  m u sc ilag e , f i b e r  (d ry  w eigh t and f r e s h  
w eigh t b a s is )  and number o f  th ic k -w a lle d  c e l l s  in  1972.
An experim en t was perform ed in  th e  f a l l  o f  1972 w ith  th e  
c u l t i v a r  'Emerald* and f e r t i l i z e r  t re a tm e n t (48-96-48  p re p la n t in g  + 
16-0 -0  s id e - d re s s in g )  to  d e te rm in e  th e  In f lu e n c e  o f  f e r t i l i z e r  and 
pod p a r t s  on q u a l i ty  f a c to r s .  Seven-day o ld  pods were h a rv e s te d  and 
d iv id e d  in to  th r e e  p o r t io n s ,  i . e . ,  b u t t ,  m id d le , and t i p  o r  end 
p o r t io n .
ix
Pod p a r t  had s ig n i f i c a n t  in f lu e n c e  on pod c o lo r .  The end 
p o r t io n  had b e t t e r  c o lo r  th an  th e  b u t t  o r  m idd le  p o r t io n . Pod p a r t  
had a h ig h ly  s ig n i f i c a n t  e f f e c t  on th e  number o f  th ic k -w a lle d  c e l l s  
(N o ./q u ad ran t o f  each  o b je c t iv e 's  f i e l d  o f  v ie w ). The t i p  o r  end 
p o r t io n  had th e  h ig h e s t  number o f th ic k -w a lle d  c e l l s  and was h a rd e r  
th an  th e  b u t t  o r  m idd le  p o r t io n  b ecause  o f  c lo s e  c o n c e n tra tio n  o f  
th ic k -w a lle d  c e l l s .
A s tu d y  was conducted  in  th e  f a l l  o f  1972 w ith  th e  c u l t i v a r  
'E m era ld ' and f e r t i l i z e r  tre a tm e n t (36-72-36  + 0 -0 -0 ) to  in v e s t ig a te  
th e  in f lu e n c e  o f m a tu r ity  and f e r t i l i z e r  on th e  number o f th ic k -  
w a lled  c e l l s  o f  d i f f e r e n t  pod p a r t s .
S tage o f  m a tu r i ty  (3 to  11 days o ld )  in f lu e n c e d  th e  number o f 
th ic k -w a lle d  c e l l s  o f  d i f f e r e n t  pod p a r t s .  On th e  1 1 th  day , th e  
h ig h e s t  number o f  th ic k -w a lle d  c e l l s  and h a rd e s t  pods w ere o b ta in e d . 
The end p o r t io n  o f  th e  pod had th e  h ig h e s t  number o f  th ic k -w a lle d  
( f ib e r )  c e l l s  and was h a rd e r  th an  th e  b u t t  o r  m idd le  p o r t io n .
INTRODUCTION
Okra (Abelmoschus e sc u le n tu s  (L .)  Moench) belongs to  the
M alvaceae fa m ily , and i t s  im portance as a v e g e ta b le  i s  r e f e r r e d  to  by
many w orkers (12 , 13, 35, 69, 73, 91, 9 8 ).
Okra i s  a p o p u la r summer v e g e ta b le  crop  in  th e  South s in c e  i t
lends i t s e l f  w e ll to  f r e s h  use as w e ll as  to  canned and fro ze n  p ro d u c ts . 
A lso , th e re  i s  c o n s id e ra b le  i n t e r e s t  in  t h i s  crop  from the  s ta n d p o in t 
o f i t s  o i l ,  gun' and f ib e r  p ro p e r t ie s  (1 9 ) .
The p ro d u c tio n  o f okra i s  becoming o f in c re a s in g  im portance 
in  L o u is ia n a . Much of t h i s  in c re a s e  has been due to  a ra p id  expansion  
o f th e  okra f r e e z in g  and canning  in d u s try .  Okra ranks 2nd in  v a lu e  
among v e g e ta b le  c rops p ro cessed  in  th e  s t a t e  (6 0 ) .
P re fe re n c e s  in  the  type o f okra fo r  f r e e z in g  and canning  have 
changed s in c e  the  in tro d u c t io n  o f t h i s  p ro d u c t. At f i r s t ,  th e  commercial 
p re fe re n c e  was based m ain ly  on th e  m orpho log ica l c h a ra c te r s  o f  th e  okra 
pod o n ly . However, a t  p r e s e n t ,  the  com m ercial p re fe re n c e  f o r  f re e z in g  
and canning  okra i s  s h i f t i n g  to  the  q u a l i ty  o f  th e  okra pod.
A lthough the  q u a l i ty  o f v a r io u s  v e g e ta b le s  has been reco g n ized  
e a r l i e r  and was th e  s u b je c t  o f in v e s t ig a t io n  by v a r io u s  re s e a rc h  w orkers 
(2 9 , 30, 42, 45 , 70, 74, 78), i t  i s  on ly  r e c e n t ly  t h a t  th e  q u a l i ty  
o f the  okra pod has been re co g n ized . Q u a lity  in  okra r e f e r s  to  th e  
d e s i r a b le  su b stan ces  which a re  p re s e n t  in  pods o f  o k ra . Q u a lity  in  
okra i s  concerned w ith  le n g th  and d iam eter o f  pods, c o lo r  (c h lo ro p h y ll 
c o n te n t ) ,  m uscilage c o n te n t and f ib e r  c o n te n t ,  e t c .  (6 9 , 72, 7 3 ).
Much o f th e  a t t e n t io n  on okra re se a rc h  has been focused on s tu d y ­
ing  th e  m orpho log ica l c h a r a c t e r i s t i c s  o f the  p la n t  and y ie ld in g  a b i l i t y ,  
w h ile  v e ry  l i t t l e  a t t e n t io n  has been g iven  to  th e  s tu d y  o f pod q u a l i ty .
A lthough some w orkers (1 6 , 17, 21 , 44 , 50, 51, 72, 73, 88 , 96) 
s tu d ie d  th e  developm ent o f th e  okra pod and a ttem p ted  to  determ ine th e  
b e s t  tim e fo r  h a rv e s t in g  so f a r  a s  th e  f r e s h  m arket i s  concerned , y e t 
th ey  d id  n o t s tu d y  the  q u a l i ty  o f  the  pod a t  v a r io u s  s ta g e s  o f develop-
i
ment and m a tu r i ty . I t  i s ,  th e r e f o r e ,  the  purpose o f  t h i s  in v e s t ig a t io n  
to  s tu d y  c e r t a in  q u a l i ty  f a c to r s  o f  okra pods a t  v a r io u s  s ta g e s  o f d evelop ­
ment and m a tu r i ty .
S ince d i f f e r e n t  c u l t iv a r s  o f  okra d i f f e r  in  m orpholog ical 
c h a r a c t e r i s t i c s  and t o t a l  p ro d u c tio n , i t  i s  p e r t in e n t  to  e v a lu a te  th e  
v a r io u s  c u l t iv a r s  o f  okra in s o fa r  a s  the  q u a l i ty  i s  concerned .
V arious w orkers have s tu d ie d  the  e f f e c t  o f d i f f e r e n t  f e r t i l i z e r s  
on the  y ie ld  o f  okra pods (2 , 4 , 7 , 11, 14, 18, 20 , 67, 71, 80, 82, 92 ,
93) ;  how ever, none o f th e se  w orkers had s tu d ie d  in  d e t a i l  the  e f f e c t  o f 
f e r t i l i z e r s ,  e s p e c ia l ly  n i t r o g e n , phosphorus, and po tassium  on th e  q u a l i ty  
o f o k ra .
I t  i s  th e  purpose  o f th e  p re s e n t in v e s t ig a t io n  to  s tu d y  th e  
in f lu e n c e  o f  f a c to r s  such as pod m a tu r i ty , c u l t i v a r ,  and f e r t i l i z a t i o n  
on q u a l i ty  o f okra pods.
REVIEW OF LITERATURE
B e a tt ie  (10) f i r s t  d e sc r ib e d  th e  c u l tu re  and u ses  o f  th e  okra 
p la n t  in  th e  U nited  S ta t e s .  A ccording to  him, okra (Abelmo3chus 
e sc u le n tu s  (L .)  Moench) o r  Gumbo as  i t  i s  commonly c a l le d ,  i s  a t r o p i c a l  
annual b e long ing  to  th e  fam ily  M alvaceae which in c lu d e s  some v e ry  im­
p o r ta n t  economic p l a n t s ,  o f which c o tto n  and okra have th e  g r e a te s t  
comm ercial v a lu e .
Okra i s  a t r o p i c a l  annual n a t iv e  to  A fr ic a  (1 2 ) . The E g y p tians 
grew th i s  crop in  the  tw e lf th  o r  th i r t e e n th  c e n tu ry . I t  was grown 
in  P h ila d e lp h ia  in  1748 and q u ic k ly  sp read  to  th e  so u th e rn  s t a t e s  
(8 4 ) .
A ccording to  Bosw ell (1 2 ) , okra can be grown anywhere in  th e  
U nited  S ta te s  where v e g e ta b le s  a re  grown, excep t in  the  c o o le s t ,  n o r th e rn  
most p a r ts  o f th e  co u n try  o r  a t  h ig h  a l t i t u d e s ,  s in c e  i t  i s  e a s i ly  in ­
ju re d  by f r o s t .
M il le r  (52) re p o r te d  th a t  okra has long  been a f a v o r i te  vege­
ta b le  in  the  so u th e rn  U n ited  S ta te s .  I t  i s  f r e q u e n t ly ,  b u t n o t e x te n ­
s iv e ly ,  c u l t iv a te d  in  n o r th e rn  g a rd en s . A lthough okra has long been 
a p o p u la r v e g e ta b le  in  home gardens in  th e  South , i t  has become o f con­
s id e r a b le  im portance in  r e c e n t  y ea rs  as a t ru c k ,  m arket garden  and 
canning c ro p .
P ro d u c tio n  in  th e  U n ited  S ta te s  i s  m ostly  con fined  to  th e  South . 
In  1959, th e  South led  in  p ro d u c tio n  w ith  19,235 a c re s  o u t o f  th e  t o t a l  
U .S . p ro d u c tio n  o f  19,804 a c r e s .  In  1964, the  p ro p o r tio n  was 17,416
a c re s  fo r  the  South o u t o f  a  t o t a l  o f  17,818 a c r e s .  In  bo th  c a s e s , the  
South produced more than  95 p e rc e n t o f  th e  t o t a l  ok ra  grown In  the U nited  
S ta te s  (58 , 86) .  I n  L o u is ia n a , the  main a re a s  o f  p ro d u c tio n  from 1959 
u n t i l  1964 were S t .  M artin , L a fa y e t te ,  S t .  Landry and I b e r i a  P a r is h e s . 
There was a d e f in i t e  in c re a se  in  acreag e  from 1964 to  1969, from 1,761 
to  7 ,500 a c re s  (5 8 , 8 7 ) .
Okra i s  an im p o rtan t v e g e ta b le  c rop  (12 , 13, 35, 69, 73, 91).
The most im p o rtan t use o f  o k ra  is  fo r  food in  the  form o f soups, stew s 
and as a v e g e ta b le , bo th  fro z e n  o r canned, and b r in e d  ( 10 , 12) .
However, th e re  a re  o th e r  uses fo r  ok ra  which a re  bo th  r e a l  and p o te n t ia l  
in  n a tu re .  The fo llo w in g  i s  the  l i s t  o f th e se  u se s : fo r  o i l  p ro d u c tio n ,
s in c e  okra  o i l  i s  ch em ica lly  com parable to  c o tto n see d  o i l  (25) and s u i t ­
a b le  fo r  use in  making soap , v eg e ta b le  s h o r te n in g s , and o leo m arg arin e ; fo r  
the m anufacture  o f paper because the  stem s and m ature pods c o n ta in  
f ib e r s  which can be used  fo r  such purposes (58, 6 2 ); fo r  use  as  blood 
plasma s u b s t i t u te  (58 , 8 5 ); and fo r  use  as  a l iv e s to c k  feed  from which 
the  re s id u e  as a r e s u l t  o f  o i l  e x t r a c t io n  can be u sed . I n  the  P h i l ip p in e s ,  
the  d ry  seeds a re  used as a s u b s t i t u te  fo r  c o f fe e .  In  th e  f a r  E a s t , 
the  leav es  and the  immature f r u i t s  a re  used  in  th e  p re p a ra t io n  o f p o u l­
t i c e s ,  as m ed ica tio n  fo r  s o re s ,  and fo r  fe rm e n ta tio n . The Turks use 
th e  le av es  as dem ulcent, i . e . ,  f o r  so o th in g  and p r o te c t io n  o f mucous 
membranes (58 , 6 1 ). F in a l ly ,  the  U nited  S ta te s  im ports  to n s  o f  th i s  
d r ie d  p ro d u c t fo r  use as f la v o r in g  (58 , 8 4 ).
A ccording to  Boswell (1 2 ) , th e  okra  p la n t  develops ra p id ly  in  
a re a s  to  which i t  i s  s u i te d  in  th a t  i t  r e q u ire s  on ly  2 months from 
p la n tin g  to  h a rv e s t in g  of the  f i r s t  pods. W ell-grow n p la n ts  co n tin u e  to  
b ear fo r  many w eeks, e s p e c ia l ly  i f  th e  young pods a re  a l l  h a rv e s te d
prom ptly , and none a re  a llow ed  to  m atu re . S im ila r  r e s u l t s  were po in ted  
o u t by M ille r  e t  a l .  (5 0 ) , d em o n stra tin g  th a t  p la n ts  which were h a rv e s te d  
f re q u e n tly  bore pods c o n tin u o u s ly  w h ile  th o se  on which pods were allow ed 
to  m ature e x h ib ite d  a l t e r n a t e  b ea rin g  o r f r u i t i n g  w aves. Harvey (31) 
observed  th a t  okra  p la n ts  in  g e n e ra l appeared  to  p o ssess  an ex trem ely  
d e l i c a te  ba lance  between v e g e ta tiv e  and re p ro d u c tiv e  a c t i v i t y .  This 
was confirm ed by a s im i la r  r e p o r t  by M ille r  e t  a l .  (50) who concluded 
th a t  seed  m a tu ra tio n  in  okra  caused a sev e re  check in  p la n t  grow th.
Woodroof (96) s tu d ie d  the  flo w erin g  h a b i ts  o f  the  ok ra  p la n t 
and observed  th a t  a flow er bud appeared  in  the  a x i l  o f  each  l e a f  above 
th e  6 th  o r  8 th  most b a sa l o n es. The crown o f  th e  s t a l k  c o n s is te d  o f 
s e v e r a l  undeveloped le av es  and f lo w e rs , and d u rin g  the  p e rio d  o f  most 
ra p id  grow th, th e re  may be as many as  10 undeveloped flo w ers  in  a s in g le  
crown. As th e  stem  e lo n g a te s , th e  lowerm ost flo w er buds develop  in to  
f lo w ers , one a t  a tim e. There may be a  p e rio d  o f 1, 2 , 3 o r more days 
between the  tim e o f developm ent o f  each f lo w e r, b u t never does more 
than one flow er appear on a s in g le  stem  on th e  same day. Purewal and 
Randhawa (62) made s im i la r  o b se rv a tio n s  e x cep t th a t  they  cou ld  see more 
than  one flow er on a stem  on th e  same day. The flo w ers  open in  th e  day­
time on ly  and fo r  on ly  a s in g le  day.,
S r iv a s ta v a  (77) made a sy s te m a tic  s tu d y  o f th e  developm ent o f 
f l o r a l  buds o f o k ra . The whole p ro cess  o f  developm ent o f  th e  f l o r a l  
bud was d iv id ed  in to  7 s ta g e s .  The sev en th  s ta g e  was co n s id e re d  to  be 
th e  f u l l  bloom s ta g e .  I t  took  21 to  23 days fo r  developm ent o f  th e  buds 
to  f u l l  bloom. A n th esis  was observed  in  th e  m orning betw een 9 :00  A.M. 
and 10:00 A.M. d u rin g  A ugust. High tem p era tu re  and low r e l a t i v e  
hum idity  were found to  have some h a s te n in g  e f f e c t  on a n th e s is .
Chauhan (16) s tu d ie d  the  blossom  b io lo g y  in  3 s p e c ie s  o f the  
genus A belm oschus. He observed  one con tinuous re p ro d u c tiv e  f lu s h  in  
a l l  s p e c ie s ,  and maximum a n th e s is  o f  flo w ers  took  p lace  j u s t  b e fo re  
noon. Pod developm ent was com pleted in  8 , 9 and 10 days in  A. e s c u le n tu s , 
A. p an d u rifo rm is  and A. m oschatus, r e s p e c t iv e ly .
The f r u i t i n g  p e rio d  u s u a lly  beg ins in  e a r ly  summer and co n tin u es  
u n t i l  l a t e  in  the  f a l l .  At any tim e d u rin g  t h i s  p e r io d , a c l u s t e r  
o f  some 8-15 buds, v a ry in g  in  s iz e  from the  s m a lle s t  which can be 
d is t in g u is h e d  w ith  the  naked eye to  those  which a re  ready  to  open, w i l l
be formed a t  the  apex o f each stem . Under good growing c o n d i t io n s ,
th e se  buds open a t  the  r a t e  o f  one every  2 o r 3 d ay s. In  co o l w ea th e r,
developm ent may be much slow er (51).
Woodroof (97) re p o r te d  th a t  okra i s  a r a p id ly  growing v eg e tab le  
which reach es  the  e d ib le  s ta g e  3 days a f t e r  blossom  and becomes o v e r­
m ature 5 days l a t e r .  Fancy grade okra  i s  p icked  on th e  4 th  o r  5 th  day, 
t h a t  o f  ch o ice  grade i s  p icked  on th e  6 th  o r  7 th  day , and th e  pods 
rem ain ing  on th e  s t a lk  lo n g e r than  7 days a re  d isc a rd e d  as be ing  too 
h a rd .
Thompson and K e lly  (84) recommended th a t  h a rv e s tin g  o f  okra  
should  be done w hile  pods a re  s t i l l  te n d e r , u s u a lly  from 4 to  6 days 
a f t e r  bloom ing, s in c e  th e  ta b le  q u a l i ty  ok ra  i s  r a th e r  h igh  a t  t h i s  
s ta g e .
A ccording  to  Bosw ell (1 2 ) , okra pods u s u a l ly  reach  a very  good 
s tag e  fo r  consum ption in  4 to  6 days a f t e r  the  flow er opens. H arvested
pods m ust be k ep t reaso n ab ly  coo l and w e l l - v e n t i l a te d .  Pods k ep t in
/
la rge  o r c lo s e ly  packed c o n ta in e rs  a re  l ik e ly  to  be s p o ile d  by h e a t .
Chauhan e t  a l .  (17) s tu d ie d  pod developm ent and seed  g e rm in a tio n
in  ok ra  and concluded th a t  pods should  be h a rv e s te d  fo r  consum ption a t  
6 -9  days a f t e r  flo w erin g  because th ey  a re  te n d e r and have maximum p ro ­
t e in  c o n te n t (2 .08  p e rc e n t)  and low c ru d e - f ib e r  a t  th a t  tim e . For seed 
p u rp o ses , the  b e s t  s ta g e  fo r  h a rv e s t  was 30 days a f t e r  a n th e s i s ,  when 
the  pods were f u l l y  m atu re , d ry , had s t a r t e d  c ra c k in g , and th e  seed 
showed good g e rm in a tio n  (85-86 p e r c e n t ) . S im ila r  s tu d ie s  were conducted
by Manoher (5 0 ) . He re p o r te d  th a t  the  pods developed ra p id ly  fo r  the  
f i r s t  11 days fo llo w in g  the  opening o f  th e  f lo w e rs , a f t e r  which develop ­
ment slowed down. Seed m atured abou t 21 days a f t e r  opening o f the  
f lo w e rs , a f t e r  which developm ent slowed down. Seed m atured abou t 21 
days a f t e r  opening o f  the  flo w ers  and a t ta in e d  up to  97 p e rc e n t germ ina­
t io n .
C h a tf ie ld  e t  a l .  (15) re p o r te d  the  approxim ate com position  o f  
f r e s h  v e g e ta b le s . Okra pod was re p o r te d  to  c o n ta in  ap p ro x im ate ly  90 
p e rc e n t w a te r , 2 p e rc en t p ro te in ,  le s s  th an  0 .5  p e rc en t f a t  and 1 p e r­
cen t f i b e r .  Bosw ell (12) re p o r te d  s im i la r  o b se rv a tio n s  re g a rd in g  the  
com position  o f okra  pods. He a ls o  observed  th a t  a t  good e d ib le  s ta g e , 
ok ra  pods c o n ta in ed  abou t 90 p e rc e n t w a te r , 2 p e rc e n t p ro te in ,  7 p e r­
cen t c a rb o h y d ra te s  and 1 p e rc en t o f  m in e ra ls . L ike most o th e r  g reen  
v e g e ta b le s ,  okra  is  low in  c a lo r i e s .  I t  i s  v a lu ab le  as a  food , c h ie f ly  
fo r  i t s  b u lk , m in e ra ls  and v ita m in s . Okra i s  a good source o f  calc ium  
and a f a i r  source  o f i ro n .  F resh  pods o f  g reen  c u l t iv a r s  a re  r i c h  in  
p ro v itam in  A. D ried  okra  c o n ta in s  no more th an  h a l f  o f  th e  p ro v itam in  
A p re s e n t in  f r e s h  pods. F resh  pods a re  f a i r  to  good as  a so u rce  o f 
v itam in  B. Young pods 2 .5  to  3 in ch es  long a re  a lm ost tw ice as  r ic h  in  
v itam in  C as o ld e r  pods 5 .5  to  6 inches lo n g .
Culpepper and Moon (21) d iscu ssed  the  e f f e c t  o f  age o f  pod on
chem ical com p o sitio n . They observed  th a t  t o t a l  and in so lu b le  s o l id s  o f 
the e n t i r e  pod d ecreased  up to  th e  14-day s ta g e  o f m a tu rity  and then  
in c re a se d  to  the  34-day s ta g e  a f t e r  which th e re  was l i t t l e  change in  the  
s o lu b le  s o l id s .  T o ta l su g ars  were low b u t in c re a se d  somewhat up to  the  
10-day s ta g e  a f t e r  which th e re  was a  d e c l in e .  The a c id i ty  and the  
t o t a l  a s tr in g e n c y  made o n ly  s l i g h t  changes which appeared  to  be o f  no 
g r e a t  im portance as  the  pods in c re a se d  in  s i z e .  The f r e s h  w eigh t o f th e  
e n t i r e  pod in c re a se d  slow ly  fo r  th e  f i r s t  few days a f t e r  bloom, q u ite  
r a p id ly  to  the  14-day o r 18-day s ta g e , then  more slow ly  to  th e  22-day 
s ta g e ,  a f t e r  which th e re  was a d e c re a se . In so lu b le  s o l id s ,  t o t a l  s o l id s ,  
and t o t a l  n itro g e n  a lso  accum ulated  in  somewhat th e  same way ex cep t th e re  
was no d ec rea se  between th e  22- and 34-day s ta g e .  Sugar accum ulated up 
to  the  14-day s ta g e  and rem ained n e a r ly  c o n s ta n t to  th e  22-day s tag e  
a f t e r  which i t  d ec rea sed . S o lu b le  s o l id s  in c re a se d  to  the  14-day s ta g e  
and then  d ecreased  to  th e  34-day s ta g e .
M oursi and Gomma (57) s tu d ie s  th e  changes in  chem ical composi­
t io n  o f ok ra  pods d u rin g  m a tu ra tio n . They observed  th a t  the  p e rcen tage  
o f  dry  m a t te r ,  t o t a l  n i tro g e n , and phosphorus d e c lin e d  w hile  th e  p e r­
cen tag e  o f po tassium  d id  n o t change a p p re c ia b ly  d u rin g  the  m a tu ra tio n  
p ro c e s s .
S h e lo r and Woodroof (6 9 ) , in  d is c u s s in g  the  f a c to r s  a f f e c t in g  
q u a l i ty  o f  f ro ze n  o k ra , re p o r te d  th a t  th e re  was a d e f in i t e  r e l a t i o n  
between age and in c re a se  in  pod le n g th , d iam e te r , w e ig h t, and p re ssu re  
to  s h e a r ,  a s l i g h t  in c re a se  in  m o is tu re  c o n te n t , seed  c o n te n t , and 
crude f ib e r  w ith  age o f pods, and a decided  d ecrease  in  m uscilagenous 
m a te r ia ls  as  th e  pods in c re a se d  from 3 to  5 days o f age, w ith  a  sm all 
d ec rea se  t h e r e a f t e r .
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C ulpepper and Moon (21) p o in te d  o u t th a t  ta b le  q u a l i ty  was 
judged to  be r a th e r  h igh  a t  the  4 -day  s ta g e ,  in c re a se d  somewhat to  th e  
6-day s ta g e , th en  slow ly d e c lin e d  to  th e  12-day s ta g e .  A f te r  t h i s  tim e , 
th e  m a te r ia l  q u ic k ly  became so f ib ro u s  as to  be u n su ite d  fo r  ta b le  u s e . 
The f a c to r  th a t  was most im p o rtan t in  d e te rm in in g  c u lin a ry  q u a l i ty  o f 
the  cooked m a te r ia l  was t e x tu r e .  T ex ture  was in flu en c ed  o r de term ined  
by chem ical o r p h y s ic a l changes, c h ie f ly  th e  ten d e rn ess  o f  th e  m a te r ia l  
and th e  s o l id  c o n te n ts ,  and th e  n a tu re  o f  th e  changes in  the  m a tte r  o r 
s o l id s .  They f u r th e r  observed  th a t  the  m a te r ia l  reached a degree of 
f ib ro u sn e ss  th a t  made i t  more o r  l e s s  u n d e s ira b le  fo r  ta b le  use  a s h o r t  
tim e b e fo re  growth in  le n g th  a c tu a l ly  s to p p ed .
Kramer e t  a l .  (45) p o in te d  ou t th a t  the  im p o rtan t f a c to r s  o f 
q u a l i ty  in  asp arag u s a re  c o lo r ,  f l a v o r ,  and freedom  from f ib ro u s n e s s . 
Smith and Kramer (74) p re se n te d  a r a p id  method f o r  de term in in g  f ib ro u s  
m a te r ia ls  in  canned g reen  asp a rag u s and re p o r te d  t h a t  f i b e r  c o n ten t 
in c re a s e s  ra p id ly  beyond th e  n a tu r a l ly  snapping  p o in t  o f  th e  s t a l k .
Rowe and Bonny (65) have p re se n te d  a t e n ta t iv e  method fo r  d e te r ­
m in a tio n  o f q u a l i ty  in  snapbeans, based  upon measurement o f  t o t a l  c o n ten t 
o f  f ib ro u s  m a te r ia l  in  th e  s id e w a ll o f  th e  pods. They gave no in d ic a t io n  
as to  the  type o f t i s s u e  b e ing  e x tr a c te d  by t h e i r  m ethod, b u t i t  i s  
re a so n ab le  to  assume th a t  th e  e x tra c te d  m a te r ia l  would in c lu d e  th e  
s t r i n g s ,  the " f ib e r  o f th e  s id e w a l l ,"  and th e  v a s c u la r  b u n d le s .
Woodroof (98 ) observed  th a t  okra  pods were e d ib le  from th e  3rd 
to  th e  8 th  day a f t e r  b lo ssom ing , d u rin g  which tim e th e re  was a c o n s ta n t 
change from sim ple to  complex compounds. As th e  pods grew th e re  was a 
d ecrease  in  th e  amount o f m u sc ilag e , an in c re a se  in  f ib e r s  in  the  pod 
w a l l ,  and an in c re a se  in  th e  w eigh t o f  see d , m arkedly a f f e c t in g  th e
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te x tu re  and f la v o r .  He f u r th e r  p o in te d  o u t th a t  m uscilage  o f okra was 
found to  be a gum which sw elled  in  w a te r . I t  was found to  be produced 
in  s p e c ia l iz e d  c e l l s  o f the  pod w a ll and to  be in s o lu b le  in  most chem ical 
r e a g e n ts .
Amin ( 6) s tu d ie d  the  ch em istry  o f  th e  m uscilage  o f okra and 
observed th a t  in  w a ter th e  minced pods y ie ld e d  a m uscilage  i n d i s t i n ­
g u ish ab le  in  appearance from s o lu t io n s  o f  o th e r  p la n t  gums and m u sc ilag e s . 
On p a r t i a l  h y d ro ly s is ,  th e  m uscilage gave 3 g a la c ta b io s e s ,  one o f which 
has been proved to  be 4 -0 -D -g a la c to p y ra n o sy l-D -g a la c to se . The fo llo w in g  
o lig o s a c c h a r id e s  were found as h y d ro ly t ic  f rag m e n ts , su g g es tin g  th a t  
the  lin k ag es  invo lved  a re  p re s e n t in  the  p o ly sa c c h a r id e : 2 -0 -(D -
g a lac to p y ra n o sy lu ro n ic  a c id )  -  L -rham nose, g a la c to s y l-v  (g a la c to s y lu ro n ic  
a c id )  -► rhamnose and (g a la c to s y lu ro n ic  a c id )  rham nosyl -> g a la c to s e .
He e x tra c te d  the m uscilage  w ith  w a ter a t  room tem p era tu re  and p u r i f ie d  
i t  by p r e c ip i t a t io n  w ith  a lc o h o l .
W h is tle r  and Conrad (90) o b ta in ed  a c r y s t a l l i n e  g a la c to b io s e  
which was shown to  be 4 -0 -D -g a la c to p y ra n o sy l-D -g a la c tro p y ra n o se . T his 
was th e  f i r s t  i s o la t io n  o f  a c r y s t a l l i n e  g a la c to b io s e . The m uscilage
i s  lo c a te d  in  pods and n o t in  th e  s e e d s .
K elkar eL a l . (43) a ls o  re p o r te d  a method fo r  i s o l a t i o n  o f m usci­
lag e  from pods o f o k ra .
A ccording to  M acG illiv ray  (4 8 ) , c o lo r  i s  an im p o rtan t f a c to r  in  
co n n ec tio n  w ith  q u a l i ty  o f h o r t i c u l t u r a l  c ro p s . A ccording to  him, the
sp ec tro p h o to m ete r has been used  to  s tudy  the  appearance o f s e v e ra l
a g r i c u l tu r a l  p ro d u c ts . Some w orkers r e p o r t  on ly  r e f l e c t i o n  o r  tra n sm is ­
s io n  c u rv e s , and o th e rs  d e sc r ib e  th e  appearance  o f the  p ro d u c t in  c o lo r  
a t t r i b u t e s .
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W hile th e re  a re  c u l t iv a r s  o f okra th a t  v a ry  in  c o lo r  from deep 
green  to  cream , th e re  i s  a d e f in i t e  p re fe re n c e  f o r  g reen  okra fo r  
f r e e z in g  purposes (6 9 ) .
Woodroof (98) a ls o  p o in te d  o u t th a t  th e re  was a c o lo r  p r e f e r ­
ence fo r  pea g reen  okra f o r  f r e e z in g , b r in in g  and can n in g . Okra 
b lackened  a long  the  r id g e s ,  and around the  base  and t i p  o f  pods, due 
to  b ru is in g  l o s t  g reenness when h e ld  in  hampers w ith o u t r e f r i g e r a t i o n  
fo r  more than  a day and tu rn ed  brown when b rin e d  warm o r w ith  i n s u f f i ­
c ie n t  s a l t .
F ishback  and Newburger (28) made a sp ec tro p h o to m e tr ic  s tu d y  
of the  g reen  c o lo r  o f o k ra . They o b ta in ed  tra n sm is s io n  cu rves in  the  
s p e c t r a l  re g io n  o f 400-750 mu fo r  the  crude e th e r  e x t r a c t  and the  co ld  
s a p o n if ic a t io n  p ro d u c t o f th e  g reen  pigm ent in  f r e s h  o k ra , canned 
ferm ented  o k ra , canned unferm ented o k ra , and canned ferm ented  okra 
t r e a te d  w ith  z in c  s a l t s .  The sp e c tro p h o to m e tr ic  d a ta  in d ic a te d  th a t  
the  a d d it io n  o f z in c  s a l t s  to  canned okra r e s u l te d  in  th e  s y n th e s is  of 
a pigm ent c o n ta in in g  z in c .  T his new c o lo r  was v e ry  s im i la r  ch em ica lly  
to  th e  n a tu r a l ly  o c c u rr in g  c h lo ro p h y ll t h a t  i t  r e p la c e s .
A ccording to  Woodroof (98) th e  p h y s ic a l c h a r a c t e r i s t i c s  o f 
okra pods v a r ie d  w ith  c u l t i v a r  and age from th e  tim e o f b lossom ing .
S ize  o f pods, h a rd n e ss , d u l ln e s s , shape , w e ig h t, and in te r n a l  changes 
such as changes in  r e s f s ta n c e  in  sh e a r in g , p e rc e n t o f pod w a ll ,  p e r ­
c e n t p la c e n ta ,  p e rc e n t seed , amount o f  m u sc ilag e , and f la v o r  a l l  were 
c o r r e la te d  w ith  ag e .
S h e lo r (69 ) p o in te d  o u t t h a t  o f more th an  two dozen c u l t iv a r s  
and s t r a in s  t e s te d  c o lo r  v a r ie d  from cream to  deep g reen ; shape from 
v e ry  s h o r t  and stubby  w ith  a maximum le n g th  o f abou t 5 in ch es  to  long
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and s le n d e r ,  re a ch in g  a maximum le n g th  o f 12 in c h e s ; and su r fa c e  con­
to u r  from d eep ly  r id g e d  o r  s ta r - ty p e  to  p e r f e c t ly  smooth (ro u n d ). 
'E m era ld ' was a ty p ic a l  smooth pod-type  and 'Dwarf P e rk in s ' was a 
ty p ic a l  r id g e d , s t a r - t y p e .
S is tru n k  and Jones (72) s tu d ie d  v a r io u s  c u l t iv a r s  o f okra re g a rd ­
in g  t h e i r  s u i t a b i l i t y  fo r  p ro c e s s in g . They found t h a t  pods o f a l l  
c u l t iv a r s  reached  t h e i r  maximum d ia m e te r , le n g th  and w eig h t on the  8 th  
o r  9 th  day a f t e r  bloom. 'E m era ld ' made th e  most ra p id  growth in  le n g th  
and rem ained in  a good s ta g e  f o r  f r e e z in g  as whole okra fo r  on ly  2 days 
w hile  'L o u is ia n a  Green V e lv e t ' and 'Dwarf V e lv e t ' were s u i ta b le  fo r  
f r e e z in g  as whole okra f o r  3 d ay s. 'L o u is ia n a  M ark et' and 'Gold C o as t' 
have s h o r t  pods and n ev er g e t to o  long f o r  pack ing  as whole pods. There 
was v e ry  l i t t l e  d if f e r e n c e  in  the  p e rc en ta g e  o f dry  m a tte r  betw een 
c u l t i v a r s  th ro u g h o u t th e  t e s t  p e r io d .  E xam inations o f  f ro z e n  sam ples 
in d ic a te d  th a t  'E m era ld ' had th e  most d e s i r a b le  dark  g reen  c o lo r ,  b u t 
i t s  pods tended to  c o lla p se  a f t e r  b la n c h in g . 'L o u is ian a  M ark et' had 
th e  most a t t r a c t i v e  sh ap e . C olor o f  'L o u is ia n a  M a rk e t, ' 'L o u is ian a  
Green V e lv e t ' and 'Dwarf V e lv e t ' was s im i la r ,  be ing  s l i g h t l y  l i g h t e r  
than  'E m e ra ld . ' 'Gold C o a s t ' had a l i g h t  g reen  c o lo r ,  b u t th e  shape 
and s iz e  o f pods were v e ry  d e s i r a b le  fo r  f r e e z in g .
In  a f u r th e r  s tu d y  by S is tru n k  e t  a l .  (7 3 ) , th e re  were on ly  neg­
l i g i b l e  d i f f e r e n c e s  a t  any g iven  sam pling d a te  in  d ry  m a tte r  c o n ten t of 
pods o f 3 c u l t i v a r s  and 2 l in e s  o f  okra t e s t e d .  The g r e a te s t  in c re a se  
in  pod w e ig h t, le n g th  and d iam e te r in  a l l  c u l t iv a r s  occu rred  d u rin g  th e  
4 th  to  6th  day a f t e r  f lo w e rin g . Pods o f a l l  c u l t iv a r s  grew ra p id ly  
u n t i l  th e  end o f th e  e d ib le  s ta g e ,  a t  which tim e growth d e c lin e d . Pods 
o f a l l  c u l t iv a r s  became so f ib ro u s  as to  be in e d ib le  by th e  10th  day
a f t e r  flo w e rin g .
R e su lts  o f t h e i r  t e s t s  in d ic a te d  th a t  sh o rt-p o d d ed  ty p es  such 
as 'L o u is ian a  M arket' and 'G old C o as t' may be fro z e n  whole over a 
lo n g er p e r io d  th an  longer-podded  c u l t iv a r s  such as  'L o u is ia n a  Green 
V e lv e t , '  'Dwarf V e lv e t , '  and e s p e c ia l ly  'E m e ra ld .' Pods 4 to  6 days 
o ld  were found to  be h ig h e s t  in  q u a l i ty  fo r  each c u l t i v a r .
Kolhe and Chavan (44) s tu d ie d  pod developm ent and y ie ld in g  
c a p a c ity  o f v a r io u s  c u l t i v a r s  o f  o k ra . A ccording to  them (44) pod 
le n g th , th ic k n e s s , w e ig h t, s p e c i f ic  g ra v i ty  and dry  m a tte r  were c u l t i ­
v a r  c h a ra c te rs  s tu d ie d  in  r e l a t i o n  to  pod developm ent, y ie ld  and q u a l i ty .  
For a maximum y ie ld  o f  e d ib le  pods, i t  was recommended th a t  th e  c u l t i v a r  
'Pusa Saw ani' be p ick ed  on th e  7 th  o r  8 th  day ; 'Red W onder' on th e  6th  
o r  7 th  day , and 'H412' on th e  5 th  o r 6th  day a f t e r  p o l l in a t io n .
Longo (47) s tu d ie d  and compared 4 S i c i l i a n  and 3 American c u l t i ­
v a rs  of o k ra . He re p o r te d  t h a t  a lth o u g h  th e  number o f  pods .per p la n t  
v a r ie d  l i t t l e ,  y ie ld  p e r p la n t  d i f f e r e d  c o n s id e ra b ly  among c u l t i v a r s ,  
be ing  h igh  in  'A t t i c a '  and 'Clemson S p i n e l e s s '• 'E m e ra ld ,' and 'C 48' 
produced the  b e s t  q u a l i ty  pods fo r  f r e s h  m arket and fo r  cann ing .
Winton and W inton (94) re p o r te d  on th e  m acroscopic and m icro ­
sco p ic  s t r u c tu r e  o f okra pods. A ccording to  them, a t  th e  e d ib le  s ta g e  
the p e r ic a rp  c o n s is t s  o f 5 w ell-m arked  la y e r s :  (1 ) e p ic a rp  o f th in -
w alled  p o lygonal c e l l s ,  s to m a ta , u n i c e l lu l a r  h a i r s  and m u l t i c e l l u l a r  
h a i r s  on u n ic e l lu la r  b a se s ;  ( 2 ) hypoderm o f th in -w a lle d  po lygonal c e l l s ,  
some c o n ta in in g  o x a la te  r o s e t t e s ;  (3 ) m esocarp o f  loose  parenchyma 
c e l l s ,  c o n ta in in g  c h lo ro p h y ll g ra in s  and sm all g ra in s  o f t r a n s i to r y  
s ta r c h ,  o f te n  in  tw ins and t r i p l e t s ,  in te r s p re a d  w ith  o x a la te  r o s e t t e  
c e l l s  as in  the  hypoderm, la rg e  m uscilage  c e l l s  and f ib ro v a s c u la r
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b u n d les; (4 ) c r y s ta l  l a y e r ,  each c e l l  w ith  a s in g le  p r is m a tic  c r y s ta l ;  
and (5 ) endocrap o f f ib e r s  m o stly  t r a n s v e r s e ly  a rra n g ed , and s to m a ta .
S ta rk  (78) made a h i s to lo g ic a l  s tu d y  o f th e  n a tu re  o f  the  
f ib ro u s  sh ea th  in  th e  e d ib le  pods o f snapbeans. He p re se n te d  in form a­
t io n  on tim e o f fo rm atio n  o f  the f ib ro u s  sh ea th  o f  the  s id e  w a ll in  
th e  pods, p a r t i c u l a r l y  in  r e l a t i o n  to  e d ib le  q u a l i ty .
As p o in te d  o u t by G era ld in e  (2 9 ) ,  n u t r i t i o n  i s  b a s ic  to  th e  
p ro d u c tio n  o f good q u a l i ty  and h ig h  y i e ld ,  and i t  i s  o f  m ajor im portance 
in  m a in ta in in g  o r im proving q u a l i ty  o f v e g e ta b le s  (2 9 ) .
Dolan and C h ris to p h e r  (22 ) p o in ted  o u t th a t  n o t o n ly  th e  le v e l  
o f f e r t i l i z a t i o n ,  b u t a ls o  th e  r e l a t i v e  b a lan c e  o f the  3 main in g re d ­
ie n ts  o f com plete f e r t i l i z e r  (N itro g e n , Phosphorous and P o ta sh ) must 
be g iv en  c o n s id e ra t io n  in  th e  n u t r i t i o n  o f  v e g e ta b le  c ro p s . F u r th e r ­
more, i t  has been shown th a t  c rops respond  d i f f e r e n t ly  to  m o d if ica tio n s  
o f the  r a t i o  o f th e  3 main f e r t i l i z e r  m a te r ia l s .
E tz e l  (27) s tu d ie d  th e  e f f e c t  o f  f e r t i l i z e r  on the  o i l  c o n ten t 
o f okra seed . He re p o r te d  th a t  tre a tm e n ts  w ith  P2O5 and K2O a p p lie d  
c o n s ta n tly  a t  80 lb s  p e r  a c re  and N a t  the  r a t e  o f  30 lb s  p er a c re  p ro ­
duced a h ig h ly  s ig n i f i c a n t  in c re a s e  in  o i l  c o n te n t as compared to  th e  
tre a tm e n t 60-80-80 which in  tu rn  produced s ig n i f i c a n t ly  more o i l  th an  
a 90-80-80 tre a tm e n t.
Thompson and K e lly  (84) p o in te d  o u t th a t  th e  u su a l f e r t i l i z e r  
a p p l ic a t io n s  fo r  okra in  th e  South a re  400 to  800 lb s  o f  a 5-10-5  o r 
6- 8-8  g rad e , b ro a d c a s t b e fo re  th e  seed  i s  p la n te d .  A f te r  th e  h a rv e s t  
season  i s  begun, n i tro g e n  s id e  d re s s in g s  a re  u s u a l ly  a p p lie d . The h a r ­
v e s t  may be delayed  i f  e x ce ss iv e  amounts o f  n i tro g e n  a re  used  b e fo re  the  
p la n t  beg in s  to  f r u i t .
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Spivy e t  a l .  (7 6 ) , w h ile  d is c u s s in g  th e  p ro d u c tio n  o f okra in  
so u th  G eorg ia , p o in te d  o u t t h a t  a good f e r t i l i z a t i o n  program  i s  600 to  
1200 lb s  p e r  a c re  o f an 8- 8-8  a n a ly s i s ,  depending somewhat on the  s o i l .  
A pproxim ately  o n e -h a lf  o f t h i s ,  in  the case  o f  h e a v ie r  s o i l s ,  should  be
a p p lie d  p r io r  to  p la n tin g  and the  rem ainder 4 -6  weeks a f t e r  p la n t in g .
In  seasons o f  u n u su a lly  heavy r a i n f a l l  25-30 a d d i t io n a l  lb s  o f  n i tro g e n  
may prove p r o f i t a b l e  in  the  p ro d u c tio n  o f o k ra . In  th e  m icro - o r  m inor 
elem ent s tu d y , on ly  magnesium was found to  g iv e  in c re a se d  y ie ld .
The fo llo w in g  a re  the  f e r t i l i z e r  recom m endations f o r  p ro d u c tio n  
o f okra in  L ou isiana  (2 ) .
(a )  A llu v ia l  S o i l s .  Apply 300-600 lb s  o f  6 -12-6  o r e q u iv a le n t p e r
a c re  p lu s  15 to  30 lb s  o f n itro g e n  as  s id e  d re s s in g  i f  n e c e s ­
s a ry  to  g e t good grow th.
(b) T errace  S o i l s .  Apply 400 to  800 lb s  o f 6 -12 -6  o r e q u iv a le n t 
p e r  a c re , p lu s  15 to  30 lb s  o f n i t ro g e n  as s id e  d re s s in g  i f  
n e c e s sa ry .
(c ) H i l l  S o i l s .  Apply 400 to  800 lb s  o f 5 -1 0 -1 0 , 4 -1 2 -8  o r e q u iv ­
a le n t  p e r a c re ,  p lu s  15 to  30 lb s  o f n i t ro g e n  a s  s id e  d re s s in g .
I t  may be d e s ir a b le  to  ap p ly  the  s id e  d re s s in g  in  s p l i t  a p p l i ­
c a t io n s ,  th e  f i r s t  e a r ly  in  th e  h a rv e s t  p e r io d  and the  second 
around th e  m iddle o f the  seaso n .
H este r and Sheldon (32) re p o r te d  th a t  a combined w eigh t o f 11.5 
to n s  (g reen  w eigh t) o f  pods, le av es  and stem s of okra c o n ta in ed  21 , 10,
62 and 46 pounds of N, ?2®5» ^2® an<* CaO, r e s p e c t iv e ly .  As compared 
w ith  th e  chem ical c o n ten t o f o th e r  v e g s ta b le  c ro p s , such as tom atoes and 
p o ta to e s ,  okra has a r e l a t i v e l y  low c o n te n t o f  th e se  n u t r i e n t s .
S u tto n  (8 0 ) , s tu d y in g  the  resp o n se  o f okra to  n i t r o g e n ,  phosphorus,
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and p o tassium  f e r t i l i z a t i o n ,  found th a t  r e l a t i v e l y  h igh  i n i t i a l  r a t e s  
of n i tro g e n  in  com bination  w ith  the  h ig h e r  r a t e s  o f  phosphorus reduced  
e a r ly  y ie ld  o f  o k ra . H igher r a t e s  o f p o ta ss iu m  had no b e n e f ic ia l  e f f e c t s  
on y ie ld .  The tre a tm e n t com bination  th a t  r e s u l te d  in  th e  h ig h e s t  e a r ly  
y ie ld  d id  n o t supp ly  enough n itro g e n  to  m a in ta in  a r e l a t i v e l y  h igh  y ie ld  
over a long h a rv e s t  p e r io d . I t  appears  th a t  i t  would be b e n e f ic ia l  to  
s id e  d re s s  okra w ith  n i tro g e n  even i f  le a c h in g  i s  n o t a problem .
Singh and Singh (71) s tu d ie d  th e  e f f e c t  o f 4 d i f f e r e n t  so u rces  
o f n i t ro g e n , v i z .  u re a , calc ium  ammonium n i t r a t e ,  ammonium su lp h a te  and 
ammonium c h lo r id e  on okra p ro d u c tio n . P la n ts  o f th e  c u l t iv a r  'Pusa 
Sawani* grown on a c la y  loam s o i l ,  w ith  u rea  as  the  sou rce  o f n i tro g e n  
produced b e t t e r  growth w ith  h ig h e r  y ie ld s  p e r  a c re  th an  th e  o th e r  
so u rc e s . Calcium ammonium n i t r a t e  proved th e  second b e s t  source  o f 
n i t ro g e n  fo r  o k ra .
S a r in  and Saxena (67) s tu d ie d  th e  in f lu e n c e  o f z in c  and manganese 
d e f ic ie n c y  on the  growth o f o k ra . When okra p la n ts  were su b je c te d  to  
z in c  d e f ic ie n c y , a d e p re ss io n  in  l e a f  p ro d u c tio n  and le a f  s iz e  appeared  
w ith in  about 3 weeks, and a l e a f  m o ttl in g  developed about 2 weeks l a t e r ,  
and the  stem  d iam eter was red u ced . The r a te  o f  in c re a se  in  d ry  w eight 
and the  r a te  o f phosphorus up take  were a ls o  d ep ressed  w ith in  3 weeks 
w hereas r ib o n u c le a se  a c t i v i t y  was in c re a s e d .
They (67) f u r th e r  observed  th a t  w ith  manganese d e f ic ie n c y , a 
r e d u c tio n  in  in te rn o d e  le n g th  was no ted  in  5 w eeks. There was, however, 
no e f f e c t  on le a f  grow th, phosphorus up take  o r  r ib o n u c le a se  a c t i v i t y .
I t  was t e n t a t i v e l y  concluded th a t  th e  z in c  d e f ic ie n c y  symptoms were 
induced by th e  in c re a se  in  r ib o n u c le a se  a c t i v i t y  and a consequent de­
c re a s e  in  p ro te in  s y n th e s is .
17
Windham (92 ) s tu d ie d  th e  r a t e s  o f  f e r t i l i z e r  fo r  okra p ro d u c tio n . 
In  h is  t r i a l s  w ith  1Clemson S p in e le s s ' p la n ts  grown on 2 d i f f e r e n t  s o i l  
ty p es  and t r e a te d  w ith  v a r io u s  le v e ls  o f  n i t r o g e n , phosphorus and p o ta s ­
sium no r e l a t io n s h ip  was found betw een pod s iz e  and tre a tm e n t.  R e su lts  
showed th a t  a w e ll d ra in e d  s o i l  w ith  ample amounts o f  o rg an ic  m a tte r  
should re c e iv e  N, P2O5 and K2O a t  th e  r a t e s  o f 24 , 48 , and 48 lb s  p e r  
a c r e ,  r e s p e c t iv e ly .  On l i g h t e r  s o i l s ,  the  N r a t e  may be in c re a se d  to  
48 lb s  p e r  a c r e .
S u tto n  (81) s tu d ie d  th e  e f f e c t  o f  n i t r o g e n , phosphorus and 
p o tassium  on y ie ld  o f o k ra . Four experim en ts  were conducted w ith  okra 
to  determ ine th e  e f f e c t  o f r a t e s  and r a t i o s  o f n i t r o g e n ,  phosphorus, 
and p o tassium  on m ark e tab le  y ie ld s .  In  a l l  c a s e s , a f e r t i l i z e r  r a t i o  
o f 1 -1 .3 -1 .3  (N, P2O5 , K2O) r e s u l te d  in  th e  h ig h e s t  y ie ld s  o f m ark e t­
a b le  o k ra .
T ai e t  a l .  (83 ) c a r r ie d  o u t a sp ac in g  and f e r t i l i z e r  t r i a l  w ith  
o k ra . The f e r t i l i z e r  tre a tm e n ts  c o n s is te d  o f b a s ic  f e r t i l i z e r  w ith  and 
w ith o u t added d re s s in g s  o f 1 .5  cw t. C a ln i t ro  p e r a c re  4 and 8 weeks 
a f t e r  p la n t in g ,  a p p lie d  s in g ly  o r combined. The d i f f e r e n c e s  between 
f e r t i l i z e r  tre a tm e n ts  were sm a ll; however, th e  p la n ts  a t  the  c lo s e s t  
spac in g  gave th e  h ig h e s t  y ie ld .
Ahmad and T u llock -R eid  (4 ) in v e s t ig a te d  th e  re sp o n ses  o f  okra 
to  v a r io u s  le v e ls  o f n i tro g e n  (0-336 k g /h a ) ,  phosphorus (0-280 k g /h a ) ,  
po tass iu m  (0-280 k g /h a ) and magnesium ( 0-112 k g /h a ) f e r t i l i z a t i o n  t o ­
g e th e r  w ith  adequate  b a sa l le v e ls  o f th e  o th e r  3 e lem en ts . B est y ie ld s  
were o b ta in ed  w ith  112 kg m agnesium /ha. The e f f e c t  on l e a f  com position  
o f n i tro g e n , phosphorus, po tassium  and magnesium a t  3 s ta g e s  o f growth 
o f the  crop  and the  amount o f th e se  n u t r i e n t s  removed in  th e  pod was
a ls o  s tu d ie d .
Windham (93 ) s tu d ie d  the  e f f e c t  o f  n i t r o g e n , phosphorus and 
po tassium  on the  y ie ld  o f okra and re p o r te d  th a t  th e  a d d it io n  o f 20 
lb s  N, 40 lb s  P2O5 and 40 lb s  o f K2O per a c re  in c re a se d  the  y ie ld  by
0 .4  to n s /a c r e .  R ates above t h i s  le v e l  had no f u r th e r  in f lu e n c e  on 
y i e l d .
A s im ila r  s tu d y  was c a r r ie d  o u t by Randhawa and Fannun (64) 
re g a rd in g  row spac in g  and f e r t i l i z e r  t r i a l s  on o k ra . They employed row 
sp ac in g s  of 30, 45 and 60 cm and n itro g e n  le v e ls  o f 33, 66 , and 99 
k g /h a . The number o f  b ran ch es , flo w ers  and f r u i t s  per p la n t in c re a se d  
w ith  the sp ac in g s  o f 60 cm. The h ig h e s t  y ie ld  was o b ta in ed  from the 
c lo se  sp ac in g  o f  30 cm. The maximum h e ig h t ,  th e  g r e a te s t  number o f 
le a v e s , b ran ch es , f lo w e rs , f r u i t  p e r p la n t  and the  h ig h e s t  t o t a l  y ie ld  
o f  f r u i t  were o b ta in ed  w ith  the  a p p l ic a t io n  o f 66 kg n i t r o g e n /h a .
F r u i t  w eigh t was n o t a f f e c te d  by d i f f e r e n t  n itro g e n  le v e l s .
Kam lanathen e t  a l .  (40) c a r r ie d  o u t spac in g  and f e r t i l i z e r  
t r i a l s  on the  okra c u l t i v a r  'Pusa Saw ani' over 3 se a so n s . They 
re p o r te d  th a t  a t  the  c lo s e s t  sp ac in g s  o f 60 x 20 cm, y ie ld /h a  was g r e a t ­
e s t  and y ie ld /p la n t  l e a s t  compared w ith  spac in g  o f 60 v 30 and 60 x 40 
cm. Hie response  to  n i t ro g e n  a t  40 and 80 kg/ha was l i n e a r ,  b u t on ly  
the  low er r a t e  was econom ica lly  f e a s ib le .  Po tassium  a t  30 kg/ha 
in c re a se d  the  y ie ld  b u t reduced  i t  a t  60 k g /h a . N itro g en  a p p l ic a t io n  
delayed  m a tu r ity  and phosphorus induced e a r l in e s s . .  There was no 
y ie ld  resp o n se  to  phosphorus.
Verma e t  a l .  (89 ) s tu d ie d  the e f f e c t  o f  d i f f e r e n t  le v e ls  o f 
n i t ro g e n , phosphorus and po tass iu m  on v e g e ta t iv e  growth and y ie ld  o f 
o k ra . N itro g en  was a p p lie d  a t  30, 60, 90 o r 120 k g /h a , and phosphorus
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a t  60 or 80 k g /h a , and p o tass iu m  a t  40 k g /h a . The b e s t  q u a n t i t a t iv e  
and q u a l i t a t i v e  re sp o n se  came from 90 kg n i tro g e n  + 80 kg phosphorus. 
P o tash  a p p l ic a t io n s  caused  some in c re a s e  in  l e a f  number b u t had no 
e f f e c t  on pod s iz e  o r  y ie ld .
S u tto n  (82) s tu d ie d  th e  e f f e c t  o f  f e r t i l i t y  and p la n t  p o p u la ­
t io n s  on th e  y ie ld  o f  o k ra . He conducted 3 experim en ts on s c ra to n  
f in e  sand to  determ ine  th e  e f f e c t  o f 1 ,000 , 2 ,0 0 0 , and 3 ,000 
lb s /a c r e  o f a 6 - 8-8  f e r t i l i z e r  and p la n t  sp ac in g  a t  2 , 4 , 6 , and 8 
in ch es  on the  row on m ark e tab le  y ie ld .  The 3 ,0 0 0 -lb  r a t e  o f f e r t i l i z e r  
m ain ta ined  a more fa v o ra b le  t o t a l  s o lu b le  s a l t  c o n te n t in  the  0-6  inch  
la y e r  o f s o i l ;  how ever, in  on ly  1 experim en t was th e  l in e a r  e f f e c t  o f 
f e r t i l i z e r  more s ig n i f i c a n t  on m ark e tab le  y ie ld .  In  most c a s e s , th e  
2- inch  sp ac in g  r e s u l te d  in  th e  h ig h e s t  y ie ld .
Saim bhi and Padda ( 66) s tu d ie d  th e  e f f e c t  o f n i tro g e n  and phos­
p ha te  f e r t i l i z a t i o n  on growth and y ie ld  o f  o k ra . They re p o r te d  th a t  
n i tro g e n  a p p l ic a t io n s  o f  up to  134 kg /ha in c re a se d  p la n t  h e ig h t and 
pod y ie ld .  H igher n i t r o g e n  le v e ls  were n o t b e n e f i c i a l ,  and th e re  were 
no s ig n i f i c a n t  re sp o n ses  to  phosphorus a p p l ic a t io n s  a t  34 o r 67 k g /h a .
C handrasekharan (14) s tu d ie d  th e  e f f e c t  o f  n itro g en -p h o sp h o ru s-  
po tassium  in  com bination  w ith  t r a c e  e lem en ts on the  y ie ld  o f B hind i 
(o k r a ) .  A p p lic a t io n  o f n itro g en -p h o sp h o ru s -p o ta ss iu m  a t  le v e ls  above 
84, 112 and 56 k g /h a , r e s p e c t iv e ly ,  d id  no t in c re a se  y ie ld  s ig n i f i c a n t ly .  
There was no resp o n se  to  a tra c e -e le m e n t fo rm u la tio n , s p a r t in  A, a p p lie d  
a t  336 k g /h a .
Hipp and Cowley (33) d isc u sse d  th e  im portance o f th e  phosphorus- 
z in c  in te r a c t io n  in  okra p ro d u c tio n . They re p o r te d  th a t  z in c  d e f ic ie n ­
c ie s  in  f ie ld -g ro w n  okra were induced  w ith  band phosphorus a p p l ic a t io n s
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o f 29 and 58 k g /h a . Okra y ie ld s  were s l i g h t l y  in c re a se d  w ith  th e se  
e lem en ts a p p lie d  a lo n e , b u t phosphorus and z in c  in  com bination  r e s u l te d  
in  the  h ig h e s t  y i e ld s .  Y ie ld s  o f okra were s e r io u s ly  reduced  when 
phosphorus and z in c  c o n c e n tra tio n s  in  10-15 day o ld  p la n ts  were le s s  
th an  0 .30  p e rc e n t and 40 ppm, r e s p e c t iv e ly .
Bid e t  a l .  (11 ) s tu d ie d  th e  e f f ic ie n c y  o f n itro g en o u s  and phos- 
p h a tic  f e r t i l i z e r s  on growth and y ie ld  o f  B hind i (o k r a ) .  N itro g e n , 
phosphorus and p o tass iu m  were a p p lie d  a t  60, 30, and 30 k g /h a , re s p e c ­
t i v e l y ,  and in  v a r io u s  o th e r  co m b in a tio n s. The b e s t  growth was o b ta in ed  
when a l l  3 e lem en ts were a p p lie d . Of the  2 - n u t r ie n t  com bination , 
n itro g e n -p o ta s s iu m  was most e f f e c t i v e ,  fo llow ed  by n itro g en -p h o sp h o ru s  
and phosp h o ru s-p o tass iu m . Of th e  s in g le  n u t r i e n t  a p p l ic a t io n s ,  th e  
h ig h e s t  y ie ld s  were o b ta in e d  w ith  n i t r o g e n . D iffe re n c e s  in  r e s u l t s  
among v a r io u s  n i tro g e n  so u rces  were s l i g h t .
C h io tan  e t  a l .  (18) s tu d ie d  th e  e f f e c t  o f chem ical f e r t i l i z e r  
a p p l ic a t io n s  on okra  p ro d u c tio n . Comparing th e  e f f e c t s  o f v a r io u s  
le v e ls  and com binations o f n i tro g e n  and p h o sphorus, the  h ig h e s t  y ie ld s  
were o b ta in ed  w ith  Ngg, P^g k g /h a , fo llow ed  by N^g Pgg. The h ig h e s t  
r e tu r n  p e r  u n i t  o f  n u t r i e n t  a p p lie d  was o b ta in ed  from  N^gP^g and
N48P96*
A s if  and G reig  (7 ) s tu d ie d  th e  e f f e c t s  o f  n i t ro g e n , phosphorus, 
and po tassium  f e r t i l i z a t i o n  on pod y ie ld ,  m acro- and m ic ro -n u tr ie n t  
le v e ls  and n i t r a t e  accum ula tion  in  o k ra . Maximum y ie ld  was o b ta in ed  
from 120 lb s  n i t r o g e n /a c r e ,  w h ile  phosphorus and po tass iu m  had no 
fa v o ra b le  in f lu e n c e s  on y ie ld .
N itro g en  and copper le v e ls  o f  p la n ts  in c re a s e d , b u t phosphorus, 
ca lc ium , and z in c  le v e l s  decreased  w ith  n itro g e n  a p p l ic a t io n s .  A pplied
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phosphorus-po tassium  in c re a se d  on ly  phosphorus and po tassium  le v e ls  o f 
p l a n t s .  N itro g en  a p p l ic a t io n s  in c re a se d  n i t r a t e  accum ula tion  in  the  
pod. Phosphorus and p o tassium  c o n c e n tra tio n s  were maximum in  th e  pods; 
n i tro g e n , z in c  and manganese were h ig h  in  th e  le a v e s , and calcium  and 
magnesium c o n c e n tra tio n s  were h ig h e r  in  th e  g reen  stem s th an  in  o th e r  
t i s s u e s .  Roots co n ta in ed  maximum ir o n ,  su g g es tin g  th a t  okra p la n ts  
tend  to  accum ulate iro n  in  th e  ro o ts  w ith o u t t r a n s lo c a t in g  much o f i t  
to  above-ground p la n t  p a r t s .
A lb re g ts  and Howard (5 ) r e c e n t ly  s tu d ie d  th e  e f f e c t  o f  f e r t i l i ­
z a t io n  and m ulching on re sp o n ses  o f  okra and p e p p e rs . They re p o r te d  
th a t  g e rm in a tio n  o f  okra and e a r ly  growth and sea so n a l m ark e tab le  y ie ld  
of bo th  v e g e ta b le s  were g r e a te s t  w ith  th e  f u l l  bed mulch tre a tm e n t.
They a ls o  observed  th a t  y ie ld s  were alw ays h ig h e r  w ith  h ig h e r  f e r t i l i t y  
le v e l s ,  b u t d if f e r e n c e s  were u s u a l ly  n o t s i g n i f i c a n t .  They concluded 
th a t  pepper and okra both resp o n d  to  m oderate r a t e s  o f f e r t i l i z e r .
MATERIALS AND METHODS 
A study  o f th r e e  c u l t iv a r s  o f  okra was conducted in  1971 a t  
Baton Rouge on M is s is s ip p i  R iv e r T e rrace  s o i l  ( H i l l  Farm ). The 3 c u l t i ­
v a rs  s e le c te d  fo r  t h i s  s tu d y  were 'Clemson S p in e le s s , '  'E m era ld ' and 
'L o u is ian a  Green V e lv e t . ' These 3 c u l t iv a r s  a re  commonly grown com­
m e rc ia l ly  in  L o u is ia n a . Three a d ja c e n t row s, 150 f t  long were p la n te d  
to  each c u l t i v a r .  Recommended c u l tu r a l  p r a c t ic e s  were fo llo w ed .
Flow ers were tagged  du rin g  e a r ly  m orning hours on bloom ing day 
to  ensu re  th a t  the  blooms were o f th e  same p h y s io lo g ic a l  a g e . D if f e r ­
e n t tag g in g  d a te s  were r e f e r r e d  to  as d i f f e r e n t  f r u i t  s e t t i n g  d a te s  
th roughou t th e  t e x t .  Blooms were tagged  on 6 a l t e r n a t e  days. Pods 
were h a rv e s te d  fo r  q u a l i ty  s tu d ie s  on the  7 th  day a f t e r  ta g g in g . Four 
r e p l i c a t io n s  o f  20 pods from each c u l t i v a r  were u t i l i z e d  fo r  q u a l i ty  
m easurem ents. Q u a lity  v a r ia b le s  s tu d ie d  in c lu d ed  w eig h t and le n g th  
o f th e  p o d s , c o lo r  ( o p t i c a l  d e n s i ty ) ,  p e rc e n t d ry  m a t te r ,  p e rc e n t 
m uscilage  and p e rc e n t f i b e r .
Two d i f f e r e n t  okra m a tu ra tio n  s tu d ie s  were conducted fo r  2 con­
s e c u tiv e  y e a rs  (1971 and 1972) a t  the  L .S .U . H i l l  farm  and a t  th e  Ben 
Hur Farm, (M is s is s ip p i  R iv er A llu v ia l  s o i l ) ,  Baton Rouge, L o u is ia n a .
The f i r s t  m a tu r ity  s tu d y  was conducted  a t  th e  H i l l  farm  w ith  
3 c u l t i v a r s ,  'Clemson S p in e le s s , '  'E m era ld ' and 'L o u is ia n a  Green V e lv e t . ' 
For t h i s  s tu d y  flo w ers  were tagged 2 tim es on bloom ing day and pods 
were h a rv e s te d  on th e  5 th , 7 th ,  9 th , and 11th day a f t e r  ta g g in g , th u s  
each tim e p ro ducing  pods o f 4 m a tu r i t i e s .  T his experim ent was re p e a te d  
2 tim es in  1971 and a ls o  in  1972. Q u a lity  m easurem ents l i s t e d  above 
in  th e  c u l t i v a r  s tu d y  and an a to m ica l s tu d y  were con d u cted .
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For the  second m a tu r ity  s tu d y  o n ly  one c u l t i v a r ,  'E m e ra ld , ' was 
u t i l i z e d  a t  th e  Ben Hur Farm because o f  i t s  d e s i r a b i l i t y  f o r  p ro c e s s in g . 
An in te r a c t io n  betw een s ta g e  o f  m a tu r ity  and type  o f  f e r t i l i z e r  was 
s tu d ie d  to  determ ine  th e  e f f e c t  on th e  growth and q u a l i ty  v a r ia b le s  o f 
olcra p o d s . This experim en t was re p e a te d  f o r  2 c o n se c u tiv e  y e a rs  (1971 
and 1972) a t  th e  Ben Hur Farm.
There w ere 4 f e r t i l i z e r  tre a tm e n ts  r e p l ic a t e d  5 tim es in  a 
random ized b lo ck  d e s ig n . Each p lo t  c o n s is te d  o f 3 rows 4 f e e t  a p a r t  
35 f e e t  in  le n g th  w ith  12-in c h  sp ac in g  betw een the  p la n t s  and 5 - fo o t  
a l le y s  p e r  tre a tm e n t w ith  th e  c e n te r  row b e in g  h a rv e s te d  f o r  r e s e a rc h .  
F ie ld  r e p l ic a t io n s  1 and 2 were combined a s  were 3 and 4 ,  to  o b ta in  2 
la b o ra to ry  r e p l i c a t io n s  fo r  q u a l i ty  a n a ly s is  a s  w e ll  a s  fo r  an a to m ica l 
s tu d y . This was n e c e s sa ry  due to  a sm all number o f pods p e r f i e l d  p l o t .  
F o rty  pods o f each  tre a tm e n t were h a rv e s te d  every  7 th  day* T his e n t i r e  
experim en t was re p e a te d  3 tim es in  1971 and 7 tim es in  1972. The 
f e r t i l i z e r  tre a tm e n ts  u t i l i z e d  in  1971 were as fo llo w s ;
1 . Check ( c o n tr o l )  0 - 0 - 0
2.  3 6 - 0 - 0  + 1 6 - 0 - 0  Ib s/A cre  (33.5335) Ammonium N i t r a te
3 . 3 6 - 7 2 - 3 6 + 1 6 - 0 - 0  lb s /A c re  (6 -1 2 -6 )
4 .  4 8 - 9 6 - 4 8 + 1 6 - 0 - 0  lb s /A c re  (6 -1 2 -6 )
T reatm ents were th e  same in  1972 as  th o se  in  1971 w ith  the  
e x ce p tio n  of tre a tm e n t number th r e e ,  where th e  n i t r o g e n  s id e  d re s s in g  
was n o t  a p p lie d  in  1972. F e r t i l i z e r s  w ere a p p lie d  6 in ch es  deep in  the  
d r i l l  row ap p ro x im ate ly  2 weeks b e fo re  p la n t in g  and n itro g e n  s id e  d r e s s ­
ing  was a p p lie d  to  th e  to p  o f th e  row by hand when p la n ts  were about 
knee h ig h .
The s o i l  type a t  Ben Hur Farm was a commerce s i l t  loam (M is s is ­
s ip p i  R iv e r A llu v ia l  S o i l ) .  In  1972 s o i l  sam ples by tre a tm e n t were
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ta k e n . Two b o rin g s  about 8 in ch es  deep in  th e  c e n te r  o f  the  p lo t  were 
tak en  fo r  a t o t a l  o f 10 b o r in g s /tre a tm e n t/s a m p le  f o r  s o i l  a n a ly s i s .  
R e su lts  o f the  s o i l  a n a ly s is  a re  shown in  T able 1.
Q u a lity  S tu d ie s
The fo llo w in g  a sp e c ts  o f growth and q u a l i ty  w ere s tu d ie d  d u rin g  
th e  2 y e a r s ,  1971 and 1972.
1. W eieht- -F re sh  w eigh t o f  th e  in d iv id u a l  pods was d e te rm in ed . A 
t o t a l  o f 80 pods o f each c u l t i v a r  were b ro u g h t to  th e  la b o ra to ry  
and d iv id ed  in to  4 groups o f  20 pods which re p re se n te d  a r e p l i ­
c a t io n .
2 . L ength—Length o f th e  pods from b a sa l  cap to  pod t i p  was m easured 
in  c e n tim e te rs .
3* Drv M a tte r—Pods were d iv id ed  in to  two eq u al l o t s .
One l o t  o f  th e  pods was c u t in to  sm all p ie c e s  and mixed 
tho ro u g h ly  to  o b ta in  un ifo rm  and homogeneous sam ples. The p e r ­
c e n t d ry  m a tte r  was determ ined  by d ry in g  20 to  60 grams o f  cu t 
okra a t  70°C f o r  24 hours in  a f o r c e d - a i r  oven.
4 . M uscilage--T he rem ain ing  l o t  o f  pods were c u t lo n g i tu d in a l ly  
th rough  the  c e n te r  in to  eq u al h a lv e s . A f te r  seed  rem oval, one 
h a l f  was saved fo r  c o lo r  d e te rm in a tio n  and th e  o th e r  h a l f  o f 
th e  pods was c u t in to  sm all p ie c e s  and mixed th o ro u g h ly  to  
o b ta in  un ifo rm  sam ples. T w en ty -five  gram sam ples o f each r e p l i ­
c a t io n  was minced o r b lended  w ith  100 ml o f d i s t i l l e d  w a te r in  
a Waring b le n d e r fo r  2 m inu tes and a llow ed to  s tan d  o v e rn ig h t.
The fo llo w in g  day th e se  v isc o u s  sam ples were p re s se d  th rough  a 
th ic k  c lo th  o r  m u s lin , and the  f i l t r a t e  was w eighed. Four p a r t s
TABLE 1
RESULTS OF SOIL ANALYSIS (1972)1
F e r t i l i z e r  T reatm ents
Depth
Inches
E x tra c ta b le
P
i N u tr ie n ts  
K
. P a r ts  
Ca




1 . C on tro l 0 -0 -0 0-8 177 110 1070 270 6.3 0.62 2Commerce 
S i l t  Loam
2 . 36-0 -0  + 16-0-0 0-8 177 120 1070 272 6.3 0 .70
3 . 36-72-36 + 0 -0 -0 0-8 165 130 1130 284 6.2 0.88
5 . 48-96-48 + 16-0-0 0-8 196 150 1180 297 6.3 0.94
1
Ben Hur Farm, Baton Rouge, La.
2
S e r ie s  -  Commerce S i l t  Loam.
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of 95% e th y l  a lc o h o l by volume were added to  one p a r t  o f  th i s  
m uscilage  f i l t r a t e  ( 1 :4 ) .  The m u sc ilag e , which was p r e c ip i ta te d  
by a d d i t io n  o f 95% e th y l  a lc o h o l ,  was th en  s e p a ra te d  as  a s t ic k y  
mass on No. 15 Whatman f i l t e r  pap er by f i l t e r i n g  under fo rced  
s u c tio n  p re s su re  th rough  a Buchner fu n n e l. T his m uscilage  
m a te r ia l  a long  w ith  f i l t e r  paper was d r ie d  in  a f o r c e d - a i r  oven 
a t  a tem p era tu re  o f 50°C f o r  3 h o u rs . The m odified  method fo r  
m uscilage  i s o l a t i o n  (K e lk a r, In g le  and B hide, 1962) was adopted 
to  o b ta in  th e  a c tu a l  w eigh t o f m uscilage  in  th e  pods (4 3 ) .
C o lo r—Ten gram sam ples o f o k ra , f r e e  from se e d s , were used  fo r  
c o lo r  d e te rm in a tio n . Care was ta k en  to  g e t homogeneous sam ples 
re p re s e n t in g  b u t t ,  m id d le , and t i p  o r  end p o r t io n  o f th e  pods. 
F o r ty  cc o f 95% e th y l  a lc o h o l were added and b lended  w ith  a 
V i r t i s  hom ogenizer fo r  3 m in u te s . Samples were th en  f i l t e r e d  
th rough No. 15 Whatman f i l t e r  p a p e r . The re s id u e  was washed 
tw ice  w ith  95% e th y l  a lc o h o l to  remove th e  rem ain ing  c h lo ro p h y ll .  
F ive cc o f f i l t r a t e  were mixed w ith  th e  same q u a n t i ty  o f a b so lu te  
e th y l  a lc o h o l g iv in g  a f i n a l  d i lu te d  volume o f 10 c c . O p tic a l 
d e n s i t i e s  (O .D .) were determ ined  a t  665 mu wave le n g th  by u s in g  
a Beckman DBG re c o rd in g  sp ec tro p h o to m e te r.
F ib e r  c o n te n t--The 4 d r ie d  sam ples from th e  d ry  m a tte r  d e te rm in a ­
t io n  were u t i l i z e d  in  d e te rm in in g  th e  f ib e r  c o n te n t o f th e  pods. 
A ll d r ie d  sam ples o f  each c u l t i v a r  were massed and ground 
th rough a W iley m il l  to  p ass  th rough  a 20>-mesh sc re e n  and were 
sub m itted  to  th e  L o u isian a  S ta te  Feeds and F e r t i l i z e r  L ab o ra to ry  
fo r  crude f i b e r  a n a ly s is  a cco rd in g  to  A.O.A.C. p rocedure  ( 8 ) .
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7. A natom ical S tu d ie s --The m iddle p o r t io n  from  2 pods o f  each c u l t i v a r  
o r  tre a tm e n t were c u t in to  sm all s e c t io n s  ap p ro x im ate ly  1 .27  cm, 
p re se rv e d  and f ix e d  in  F o rm a lin -a c e tic  a c id -a lc o h o l (F .A .A .) 
s o lu t io n .  The form ula fo r  F.A .A . s o lu t io n  was as fo llo w s : 
Form aldehyde, (40%) 5cc; G la c ia l  a c e t ic  a c id ,  5 cc ; and E th y l
a lc o h o l ,  70%, 90 c c . The method fo r  p re p a ra t io n  o f p a r a f f in
b lo ck s  and microtomy (Sharma and Sharma, 1965) was adopted  to  d e te r ­
mine the  number o f l i g n i f i e d  o r  th ic k -w a lle d  c e l l s  in  okra pods 
( 68) .
Samples p re se rv ed  in  F.A .A . s o lu t io n  were d ehydra ted  w ith  a 
s e r i e s  o f T e r t ia ry -B u ty l  a lc o h o l (TBA), th e n  embedded in  p a r a f f in  
b lo c k s . P a r a f f in  b lo ck s  c o n ta in in g  pod sam ples were c u t in to  v e ry  
th in  s e c t io n s  (ap p ro x im a te ly  16 m icrons) w ith  th e  Spencer 820 
R o ta ry  microtome and mounted on s l id e s  by u s in g  a drop  o f H au p t's  
a d h es iv e . L a te r  th e se  s e c t io n s  were s ta in e d  w ith  s a f r a m in  0 and 
f a s t  g reen  s t a i n .
In  the  c u l t iv a r  s tu d y  a t  th e  L .S .U . H i l l  farm , 4 s e c t io n s  were 
s e le c te d  from each sam ple. Each c u l t i v a r  p ro v id ed  2 sam ples, th e r e ­
fo re  8 s e c t io n s  o f each c u l t i v a r  were s e le c te d  to  s tu d y  th e  f ib ro u s  o r
l i g n i f i e d  c e l l s .  The 3 c u l t iv a r s  had 6 sam ples, g iv in g  a t o t a l  o f 24
s e c tio n s  fo r  each d a te  o r  s ta g e  o f m a tu r i ty .
The f i r s t  m a tu r ity  s tudy  was conducted  a t  th e  L .S .U . H i l l  farm 
w ith  3 c u l t iv a r s  h a rv e s te d  a t  4 m a tu r ity  d a te s  (5 th ,  7 th , 9 th , and 11th 
day a f t e r  b loom ing). Each c u l t i v a r  a t  each m a tu r i ty  d a te  p rov ided  2 
sam ples, th e re fo re  8 s e c t io n s  were s e le c te d  f o r  each m a tu r i ty  d a te  o r  
c u l t i v a r .  The 3 c u l t iv a r s  had 6 sam ples a t  each m a tu r i ty  d a te ,  g iv in g  
a t o t a l  o f  24 s e c t io n s .  For 4 m a tu r ity  d a te s  a t o t a l  o f 96 s e c tio n s
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were s e le c te d  to  s tudy  l i g n i f i e d  c e l l s  which were counted  in  a q u a r te r  
s iz e  o f  each o b je c t iv e 's  f i e l d  o f view  n ea r th e  p e r ip h e ry  of th e  pod. 
T h is s tudy  was conducted in  1971 and 1972.
The second m a tu r ity  s tu d y  was conducted a t  th e  Ben-Hur Farm 
w ith  on ly  th e  'E m era ld ' c u l t i v a r .  An in te r a c t io n  e f f e c t  o f  s ta g e  o f 
m a tu r ity  and type  o f f e r t i l i z e r  on the  l i g n i f i c a t i o n  o f  c e l l s  was 
s tu d ie d .
Each f e r t i l i z e r  tre a tm e n t fu rn ish e d  2 an a to m ica l sam ples, th e r e ­
fo re  4 tre a tm e n ts  had a t o t a l  o f  8 sam ples. From each sample 4 s e c tio n s  
were s e le c te d ,  and th e  f ib ro u s  c e l l s  o r  l i g n i f i e d  c e l l s  were counted 
from the  q u a r te r  s iz e  o f each m icroscope o b je c t iv e 's  f i e l d  o f v iew .
T his s tudy  was conducted fo r  2 y ears  in  1971 and 1972.
In  1972, a t  the Ben Hur Farm, an an a to m ica l s tu d y  was conducted 
w ith  on ly  one f e r t i l i z e r  tre a tm e n t No. 4 and th e  c u l t i v a r  'E m e ra ld .' 
Pods were h a rv e s te d  on the  7 th  day from bloom ing and c u t  in to  3 p a r t s  
( b u t t ,  m iddle and end o r t i p  p a r t ) .  A ll q u a l i ty  v a r ia b le s  were s tu d ie d .  
The f o r ty  pods were h a rv e s te d  and 2 f i e l d  r e p l i c a t io n s  were made which 
were used as  2 la b o ra to ry  r e p l i c a t io n s .
Each p a r t  ( b u t t ,  m iddle and end) had 2 sam ples, and from each 
sample 4 s e c tio n s  were s e le c te d ;  th e re fo re ,  f o r  2 sam ples, 8 s e c t io n s  
were s e le c te d  fo r  each d a te  o r p a r t .  The 3 pod p a r ts  had 6 sam ples so 
24 s e c t io n s  were s e le c te d  to  determ ine th e  number o f th ic k -w a lle d  c e l l s .  
T h is experim ent was re p e a te d  3 tim es in  the  same y e a r .
In  1972, a n o th e r an a to m ica l s tu d y  was conducted w ith  o n ly  one 
f e r t i l i z e r  tre a tm e n t No. 3 and the c u l t iv a r  'E m e ra ld .' Pods were 
h a rv e s te d  d a i ly  from the  3 rd  day to  th e  11th day o f m a tu r i ty .  Pods 
were c u t in to  3 p a r t s  ( b u t t ,  m idd le , and end p a r t ) .  Each p a r t  had 2
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sam ples, th e r e f o r e  the  3 p a r t s  had 6 sam ples and from each sample 4 
s e c t io n s  were s e le c te d .  Thus, 24 s e c t io n s  were s e le c te d  and s tu d ie d  
fo r  each m a tu r ity  d a te .  T his s tu d y  was re p e a te d  tw ice in  th e  same 
y e a r .
RESULTS AND DISCUSSION
Hie d a ta  were su b je c te d  to  a n a ly s is  o f v a r ia n c e , and th e  F t e s t  
was used  to  determ ine  s ig n i f i c a n t  d i f f e r e n c e s .  Mean s e p a ra tio n s  were 
t e s t e d  by D uncan's M u ltip le  Range T e s t (Duncan, 1955) (2 4 ) . These 
were done by F o r tra n  com puter program .
CULTIVAR STUDY:
Q u a lity  f a c to r s  fo r  th e  c u l t i v a r s  s tu d ie d  in  1971 a re  p re sen te d  
in  Table 2 .
There were h ig h ly  s ig n i f i c a n t  d i f f e r e n c e s  among th e  c u l t iv a r s  
in  pod w e ig h t. 'Clemson S p in e le s s ' p roduced th e  h e a v ie s t  pods (2 4 .2  
gm), fo llow ed  by 'E m erald ' (1 9 .4  gm), and 'L o u is ia n a  Green V e lv e t '
(1 7 .1  gm) (T able  2 ) .  A lso , tag g in g  o f f r e s h ly  opened blooms on a l t e r ­
n a te  days r e s u l te d  in  h ig h ly  s ig n i f i c a n t  v a r i a t i o n  among tag g in g  d a te s  
(F ig u re  1 ) .  The maximum average  w eigh t was reco rd ed  on th e  4 th  tag g in g  
d a te  fo r  a l l  the  c u l t i v a r s ,  in d ic a t in g  th a t  env ironm enta1 c o n d itio n s  
w ere s ig n i f i c a n t ly  cau s in g  v a r ia t io n s  in  pod w eigh t a t  d i f f e r e n t  
ta g g in g  d a te s .
W eight appeared  to  be c o r r e la te d  w ith  th e  le n g th  o f the  
pods. 'Clemson S p in e le s s ' proved to  be a s h o r t  b u t th ick -podded  
c u l t i v a r ;  w hereas, 'E m era ld ' was r a te d  in te rm e d ia te  in  w eigh t b u t p ro ­
duced lo n g e r pods th an  'Clemson S p in e le s s ' and 'L o u is ia n a  Green V e lv e t . '
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TABLE 2
QUALITY FACTORS OF THREE CULTIVARS OF OKRA AS AN AVERAGE OF SIX TAGGINGS











. (O .D .)
% F ib e r 
(Dry w t. 
b a s is )
% F ib e r 
(F resh  w t. 
b a s is )
'Clemson
S p in e le s s 1 24.2  a 12.7 a 9 .0  a 0.71 a 0 .24  a 8 .6  a 0 .76 a
'E m erald ' 19.4  b 16.5 b 10.5  b 1.33 b 0.29 a 9 .0  a 0 .94  b
’L o u isian a  Green 
V e lv e t ' 17.1 c 14.7  c 10.3 b 1 .5 2 'b 0.25 a 8 .8  a 0 .91  b
*C olo r—O p tic a l d e n s ity  o f 10 g o f okra pods mixed in  40 m l. e th an o l ( d i lu te d  1 :1 ) a t  665 mu.
Mean s e p a ra t io n  in  columns by D uncan's M u ltip le  Range T e s t, 1% le v e l .  Means having th e  same l e t t e r  














8 -4 -7 1  8 -4 -71  8 “ 4-71 8 -4 -7 1  8 -4 -7 1  8 -4 -7 1
TAGGING DATE
Figure 1. The average pod weight of 3 cultivar of okra which had 
been tagged on different dates and harvested on the 7th 
day after tagging.
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'L o u is ia n a  Green V e lv e t ' produced th in  pods b u t s h o r te r  pods th an  'E m erald ' 
in  le n g th , which r e s u l te d  in  l i g h t e r  w eigh t pods th an  th e  o th e r  c u l t i ­
v a rs  .
On the av erag e , 'E m era ld ' produced th e  lo n g e s t pods (1 6 .5  cm) 
over the  e n t i r e  ex p erim en t, and 'L o u is ia n a  Green V e lv e t ' was ra te d  i n t e r ­
m ediate  fo r  le n g th  (14 .7  cm). 'Clemson S p in e less*  had th e  s h o r te s t  pods 
(1 2 .7  cm). Pod le n g th s  o f  th e  c u l t iv a r s  were s i g n i f i c a n t ly  d i f f e r e n t  
from each o th e r  a t  the  1% le v e l  (T able 2 ) .  T h is i s  in  agreem ent w ith  
Jo n es , S is tru n k  and M ille r  (7 3 ) , who re p o r te d  th a t  'E m era ld ' had th e  
lo n g e s t pods, w ith  'L o u is ia n a  G reen V e lv e t1 and 'Dwarf V e lv e t ' ran k in g  
as in te rm e d ia te , and 'L o u is ia n a  M arket' and 'G old C o a s t ' be ing  c h a r a c te r ­
iz ed  as sh o rt-p o d d ed  c u l t i v a r s .
The pod le n g th  v a r ie d  s ig n i f i c a n t ly  d u rin g  th e  seaso n  fo r  a l l  
c u l t iv a r s  as shown by tag g in g  on a l t e r n a t e  days (F ig u re  2 ) .  The maximum 
le n g th  was reco rd ed  on th e  4 th  tag g in g  and minimum le n g th  on th e  1 s t  
tag g in g  fo r  a l l  c u l t i v a r s ,  in d ic a t in g  th a t  t h i s  may be due to  growing 
c o n d itio n s  which were cau sin g  v a r ia t io n s  in  pod le n g th  a t  th e  d i f f e r e n t  
ta g g in g s .
On the  av erag e , 'E m erald ' produced the  h ig h e s t  d ry  m a tte r  con­
te n t  (10.5%) fo llow ed  by 'L o u is ia n a  Green V e lv e t ' (10.3% ). These 2 
c u l t iv a r s  were n o t s ig n i f i c a n t ly  d i f f e r e n t  from each  o th e r  in  t h e i r  dry  
m a tte r  c o n te n t . 'Clemson S p in e le s s ' produced the  low est d ry  m a tte r  
c o n te n t (9.0%) (T able 2 ) ,  which i s  s i g n i f i c a n t ly  low er th an  the  o th e r  
2 c u l t i v a r s .
Tagging d a te s  were a s s o c ia te d  w ith  s ig n i f i c a n t  d if f e r e n c e s  in  
d ry  m a tte r ,  as  an average o f a l l  3 c u l t iv a r s  (F ig u re  2 ) .















8-4-71 8-6-71 8-8-71  8-10-71 8-12-71 844-71
TAGGING DATE
Figure 2 . The av e rag e  pod length and d ry  m atte r  contet of 
3 cultivar of ok ra  which had  been tagged  on 
d ifferent d a te s  and h a rv e s te d  on the 7th day 
afte r  ta g g in g .
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amount o f m uscilage  (1.52% ). 'Emerald* ra te d  in te rm e d ia te  in  m uscilage 
c o n te n t (1.33% ), and 'Clemson S p in e le s s ' produced th e  low est amount 
(0.71%) (T able 2 ) .  'L o u is ia n a  Green V e lv e t ' and 'E m era ld ' were n o t 
s ig n i f i c a n t ly  d i f f e r e n t  from each  o th e r  in  m uscilage  c o n te n t;  however, 
'Clem son S p in e le s s ' was s ig n i f i c a n t ly  low er th an  th e  o th e r  2 c u l t i v a r s .
The m uscilage  c o n ten t v a r ie d  s ig n i f i c a n t ly  among th e  c u l t iv a r s  
a t  each  d i f f e r e n t  tag g in g  d a te . The in te r a c t io n  between c u l t iv a r s  and 
tag g in g  d a te s  f o r  m uscilage  c o n te n t was s ig n i f i c a n t  (F ig u re  3 ) .
On th e  2nd tag g in g  d a te  th e  'E m era ld ' and 'Clemson S p in e le s s ' 
c u l t iv a r s  d ecreased  in  m uscilage c o n te n t .  L a te r  on, the  3 rd  tag g in g  
o f a l l  c u l t iv a r s  was accompanied by th e  h ig h e s t  pe rcen tag e  o f m u scilag e .
The c u l t iv a r s  th en  d ecreased  in  m uscilage  p ro d u c tio n  on th e  4 th  tag g in g  
d a te .  'Clemson S p in e le s s ' d ec reased  f u r th e r  on the  5 th  tag g in g  d a te ;  
whereas-, 'L o u is ia n a  Green V elvet* and 'Emerald* in c re a se d  co n tin u o u s ly  
in  t h e i r  p e rc e n t o f m uscilage c o n te n t .  'Clem son S p in e less*  a g a in  
in c re a se d  in  p e rc e n t m uscilage on th e  6 th  ta g g in g  d a te ,  in d ic a t in g  e n v iro n ­
m ental in f lu e n c e s .
There were no s ig n i f i c a n t  d i f f e r e n c e s  among th e  c u l t iv a r s  in  
pod c o lo r .  'E m era ld ' pods had th e  b e s t  c o lo r ,  on th e  average  (0 .2 9  O .D .) 
fo llow ed  by 'L o u is ia n a  Green V e lv e t ' (0 .2 5  O .D .) and 'Clemson S p in e le s s ' 
(0 .2 4  O .D .) (T able 2 ) .  Jo n es , S is tru n k  and M il le r  (73) a ls o  found th a t  
'E m era ld ' showed th e  most in te n se  g reen  c o lo r  among th e  c u l t i v a r s .  The 
c o lo r  o f  'L o u is ia n a  M a rk e t, ' 'L o u is ia n a  G reen V e lv e t ' and 'Dwarf V e lv e t ' 
was s im i la r ,  be ing  s l i g h t l y  low er th a n  'E m e ra ld .'
H ighly  s ig n i f i c a n t  in te r a c t io n  fo r  pod c o lo r  (O .D .) among c u l t i ­
v a rs  and tag g in g  d a te s  was p re s e n t .  The c u l t iv a r s  d id  n o t respond  th e  
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T AGGING DATE 
Figure 3. The a v e r a g e  muscilage contet of 3 cultivars of
okra pods w h ic h  had been  tagged  on d iffe ren t 













tm m m *  'clemson spineless’ 
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8-4-71 8-6-71 8 -8 -71  8-10-71 8-12-71 8-14-71
TAGOING DATE 
Figure 4 .  The a v e rag e  p o d  co lo r  of 3 culivars of okra
which had been tagged  on d i f f e r e n t  d a t e s  and 
harvested on the 7 th  day  a f te r  t a g g i n g .
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There were no s ig n i f i c a n t  d if f e r e n c e s  among th e  c u l t iv a r s  and 
tag g in g  d a te s  fo r  f ib e r  c o n te n t when ex p ressed  on a  d ry  w eigh t b a s i s .  
'E m era ld ' had the  h ig h e s t  f ib e r  c o n te n t (9 .0% ), 'L o u is ia n a  Green V elvet* 
had an in te rm e d ia te  amount o f  f ib e r  (8 . 8%) and 'Clemson S p in e le ss*  had 
low est f ib e r  c o n te n t (8 . 6%) (T able 2 ) .
Tagging d a te  was n o t a s s o c ia te d  w ith  f ib e r  c o n te n t o f  th e  3 
c u l t iv a r s  when ex p re ssed  on a  d ry  w eigh t b a s i s .  However, 'Clemson 
S p in e le s s ' had s ig n i f i c a n t ly  le s s  f ib e r  than  th e  o th e r  2 c u l t iv a r s  when 
ex p re ssed  on a f r e s h  w eigh t b a s is .
'E m era ld ' had the  h ig h e s t  f ib e r  c o n te n t (0 .94% ), fo llow ed  by 
'L o u is ia n a  Green V e lv e t ' (0 .91% ), and 'Clemson S p in e le s s ' (0.75% ), 
r e s p e c t iv e ly ,  when ex p ressed  on a f r e s h  w eigh t b a s is  (T able 2 ) .
The maximum f ib e r  c o n te n t ( f r e s h  w eigh t b a s is )  was produced on 
the  6 th  tag g in g  d a te ,  and the  minimum amount on th e  3 rd  tag g in g  d a te  
in  a l l  th e  c u l t i v a r s .
MATURITY STUDY
In  the  m a tu r ity  s tu d y  w ith  3 c u l t i v a r s ,  the  d a ta  o f  2 y e a r s ' 
r e s u l t s  was p o o led , and combined a n a ly se s  o f v a r ia n c e  were c a lc u la te d .  
The F t e s t  was used  to  determ ine  s ig n i f i c a n t  d i f f e r e n c e s .
The e f f e c t  o f m a tu r ity  on th e  average  developm ent o f  pods and 
on q u a l i ty  v a r ia b le s  o f each c u l t i v a r  in  1971 and 1972 a re  p re se n te d  
in  T able  3 and F ig u re s  5-13 ,
H ighly  s ig n i f i c a n t  in te r a c t io n s  between c u l t iv a r s  and m a tu rity  
were no ted  fo r  a l l  q u a l i ty  f a c to r s  e x c e p t w e ig h t, d ry  m a tte r  and c o lo r  
in  bo th  y ea rs  (F ig u re s  7, 10, 1 3 ). C u lt iv a r s  d id  respond  d i f f e r e n t ly  
a t  each  s ta g e  o f m a tu r ity  and in flu en c ed  th e  q u a l i ty  o f  the  pods.
TABLE 3
QUALITY FACTORS OF THREE CULTIVARS OF OKRA AS AN AVERAGE OF FOUR MATURITIES (1971-72)











% F ib e r  
(d ry  w t. 
b a s is )
% F ib e r  
( f r e s h  w t. 
b a s is )
T hick-w alled  
( f ib e r )  c e l l s  
(N o.)
'Clemson
S p in e le s s 1 30.5 11.6 9 .9 1.33 0.38 12.4 1.33 119.0
'E m era ld ' 24.9 15.5 11.2 2 .43 0.53 10.3 1.15 97.7
'L o u is ia n a
Green V e lv e t' 19.4 13 .4 10.9 2.62 0 .40 10.0 1.10 84.7
** ** * ** ** ** N .S. **
* , **F v a lu e s  s ig n i f i c a n t  a t  5% (* ) and 1% (**) l e v e l s ,  r e s p e c t iv e ly .
N .S. = N o n -S ig n if ic a n t.
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H ighly s ig n i f i c a n t  d i f f e r e n c e s  among c u l t iv a r s  in  pod w eight 
were ob serv ed . In  1971 and 1972, th e  average  w eigh t of the  pods of th e  
c u l t i v a r  'Clemson S p in e le s s ' was found to  be h ig h e s t  (3 0 .5  gm) and a ls o  
th e  h ig h e s t  in  f ib e r  c o n te n t (d ry  w eigh t and f r e s h  w eigh t b a s i s ) .  The 
c u l t i v a r  'E m era ld ' produced pods w eigh ing  24 .9  gm and had a medium 
amount of f ib e r  (d ry  w eigh t and f r e s h  w eigh t b a s i s ) .  'L o u is ian a  Green 
V e lv e t ' produced th e  l i g h t e s t  pods, w eighing  19.3  gm, which had th e  
low est amount o f  f i b e r  (d ry  w eigh t and f re s h  w eigh t b a s is )  (T able  3 ) .
The q u a l i ty  v a r ia b le s  o f  th e  pods v a r ie d  from c u l t iv a r  to  
c u l t iv a r  when h a rv e s te d  on th e  5 th ,  7 th , 9 th  and 11th day a f t e r  ta g g in g . 
E f fe c ts  o f s ta g e  o f m a tu r i ty  on pod w eigh t were h ig h ly  s ig n i f i c a n t .  
I n i t i a l  pod w eigh t was lo w est on th e  5 th  day a f t e r  bloom ing, then  i t  
in c re a se d  l i n e a r ly  on th e  7 th ,  9 th  and 11th days o f  m a tu r ity  in  a l l  3 
c u l t iv a r s  (F ig u re  5 ) .  Woodroof and S h e lo r (98) re p o r te d  th a t  the  
p h y s ic a l c h a r a c t e r i s t i c s  o f okra pods v a r ie d  w ith  c u l t iv a r  and age from 
th e  tim e o f  b lo ssom ing . The s iz e  o f pods, h a rd n e ss , d u l ln e s s ,  sh ap e , 
w e ig h t, and amount o f  m uscilage  was c o r r e la te d  w ith  a g e . The w eig h t 
o f  the  pods in c re a se d  as th e  pods grew o ld e r .  S im ila r  o b se rv a tio n s  
were a ls o  re p o r te d  by Jo n e s , S is tru n k  and M il le r  (7 3 ) .
H ighly s ig n i f i c a n t  d i f f e r e n c e s  among the  c u l t iv a r s  f o r  pod 
le n g th  were n o te d . In  1971 and 1972, 'E m era ld ' produced th e  lo n g e s t 
pods (1 5 .5  cm), fo llow ed  by 'L o u is ia n a  Green V e lv e t ' (1 3 .4  cm) and 
'Clemson S p in e le s s ' (1 1 .6  cm) (T ab le  3 ) .  Jo n e s , S is tru n k  and M il le r  
(73) observed  th a t  th e  'E m era ld ' had th e  lo n g e s t  po d s, w ith  'L o u is ian a  
Green V e lv e t ' and 'Dwarf V e lv e t ' ran k in g  a s  in te rm e d ia te ,  and 'L o u is i ­
ana M a rk e t, ' 'G old Coast* b e in g  c h a ra c te r iz e d  as  sh o rt-podded  c u l t i v a r s .






Figuro 5• Effects of m a tu r i ty  on av e rag e  
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s i g n i f i c a n t .  Pod le n g th  d id  v a ry  s ig n i f i c a n t ly  among d i f f e r e n t  s ta g e s  
o f m a tu r i ty .
A s ig n i f i c a n t  in te r a c t io n  f o r  pod le n g th  between c u l t i v a r  and 
m a tu r i ty  was n o te d . I t  was found th a t  th e  le n g th  o f th e  pods v a r ie d  
acco rd in g  to  c u l t iv a r  and p h y s io lo g ic a l  m a tu r ity  (F ig u re  6 ) .  A ll 3 
c u l t iv a r s  had d i f f e r e n t  le n g th  pods a t  d i f f e r e n t  p h y s io lo g ic a l a g es .
Pod le n g th  o f  a l l  3 c u l t iv a r s  in c re a se d  co n tin u o u s ly  w ith  m a tu r i ty .
The s h o r te s t  pods were reco rd ed  on th e  5 th  day , and lo n g e s t pods on 
th e  11th day o f m a tu r ity  in  a l l  3 c u l t i v a r s .  The r a t e  o f  growth in  
le n g th  o f  a l l  3 c u l t iv a r s  was r a p id  from th e  5 th  day to  th e  9 th  day, 
and then  growth slowed down c o n s id e ra b ly  from th e  9 th  to  11th day in  
bo th  y e a r s .  The c u l t i v a r  'Emerald* had th e  lo n g e s t pods, 'L o u is ia n a  
Green V e lv e t ' was in te rm e d ia te ,  and 'Clemson S p in e le s s ' had the  s h o r t ­
e s t  pods a t  each s ta g e  o f  m a tu r i ty .  C u l t iv a r s  v a r ie d  s i g n i f i c a n t ly  fo r  
pod le n g th  a t  each d i f f e r e n t  s ta g e  o f m a tu r ity  (F ig u re  6 ) .
S ig n i f ic a n t  d if f e r e n c e s  in  d ry  m a tte r  c o n te n t were found among 
the  c u l t i v a r s .  In  1971 and 1972, th e  h ig h e s t  d ry  m a tte r  c o n te n t was 
found in  th e  'E m era ld ' c u l t i v a r  (11.2% ), fo llow ed  by 'L o u is ia n a  Green 
V e lv e t ' (10.9% ), and th e  low est was p re s e n t  in  'Clemson S p in e le s s '
(9.9%) (T ab le  3 ) .
The e f f e c t  o f  s ta g e  o f  m a tu r ity  on th e  d ry  m a tte r  c o n te n t o f 
the pods was h ig h ly  s ig n i f i c a n t .  The d ry  m a tte r  c o n te n t o f  th e  pods 
v a r ie d  s ig n i f i c a n t ly  among d i f f e r e n t  s ta g e s  o f m a tu r i ty .  The d ry  m a tte r  
c o n te n t o f  a l l  3 c u l t iv a r s  was h ig h e r  in  th e  young pods 5 days o ld  and 
d ecreased  to  a minimum le v e l  in  9 days a f t e r  f lo w e rin g , th en  g ra d u a lly  
in c re a se d  (F ig u re  5 ) .  The low est d ry  m a tte r  c o n te n t o ccu rred  on the  

























Figure 6. Effects of m a tu r i t  y on pod le n g th  and muscilage content of 3 cu ltivars  of 
o k ra .
o n ly  s l i g h t  d if f e r e n c e s  among the  c u l t i v a r s  in  d ry  m a tte r  c o n te n t a t  
th e  v a r io u s  s ta g e s  o f m a tu r ity  d u rin g  bo th  y e a r s ,  which in d ic a te s  th a t  
th e  d ry  m a tte r  o f a l l  c u l t i v a r s  was com parable a t  any g iv en  s ta g e  o f 
m a tu r i ty , in s o fa r  a s  pod q u a l i ty  i s  in f lu e n c e d  by dry  m a tte r  c o n te n t 
(F ig u re  5 ) .  These f in d in g s ,  however, a re  in  f u l l  agreem ent w ith  Jo n e s , 
S is tru n k  and M ille r  (7 3 ) ,  who re p o r te d  th a t  th e  d ry  m a tte r  p e rcen tag e  
o f  a l l  c u l t iv a r s  s tu d ie d  was h igh  in  th e  young po d s. The low est d ry  
m a tte r  c o n te n t o ccu rred  on th e  8 th  to  10th day a f t e r  f lo w e rin g , th en  
in c re a se d  g ra d u a lly  to  a h igh  l e v e l ,  v a ry in g  w ith  c u l t i v a r .  They a ls o  
concluded th a t  the  e d ib le  s ta g e  o f  th e  pods was c lo s e ly  r e l a t e d  to  an 
e a r ly  d e c lin e  in  th e  d ry  m a tte r  c o n te n t .
H ighly  s ig n i f i c a n t  d if f e r e n c e s  among c u l t iv a r s  f o r  m useilage  
c o n te n t were ob serv ed . In  1971 and 1972, th e  h ig h e s t  amount o f  m usci- 
la g e  was produced by 'L o u is ia n a  Green V e lv e t ' (2 .62% ), fo llow ed  by 
'E m era ld ' (2.43%) and 'Clemson S p in e le s s ' which had th e  lo w est amount 
o f  m uscilage  (1.33%) (T ab le  3 ) .
The e f f e c t s  o f s ta g e  o f m a tu r i ty  on m uscilage  c o n te n t were 
h ig h ly  s i g n i f i c a n t .
H ighly  s ig n i f i c a n t  in te r a c t io n s  w ere found fo r  m uscilage  con­
t e n t  between c u l t i v a r  and m a tu r ity  and a ls o  betw een y ear and m a tu r i ty .  
M uscilage c o n te n ts  were h ig h e r  in  'E m erald ' and 'Clemson S p in e le s s ' on 
the  5 th  day o f m a tu r ity  when th e  pods were younger. Then i t  d ecreased  
c o n tin u o u s ly  as  th e  pods became p h y s io lo g ic a l ly  o ld e r  o r  more m atu re .
In  'L o u is ia n a  Green V e lv e t ' th e  h ig h e s t  amount o f m uscilage  was reco rd ed  
on th e  7 th  day o f  m a tu r i ty , a f t e r  which i t  d ec rea sed  c o n tin u o u s ly  
(F ig u re  6 ) .  S h e lo r and Woodroof (69) re p o r te d  a d ecided  d e c rea se  in  
m uscilangeneous m a te r ia ls  a s  the  pods grew from  3 to  5 days o f age,
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w ith  a sm all d ec rea se  t h e r e a f t e r ,  m arkedly a f f e c t in g  th e  f l a v o r .
H ighly s ig n i f i c a n t  v a r i a t io n  f o r  pod m uscilage  c o n te n t betw een th e  
y e a r and m a tu r ity  were n o te d . The amount o f  m uscilage  was s ig n i f i c a n t ly  
h ig h e r  in  1972 th a n  in  1971 ex cep t on th e  9 th  day o f m a tu r i ty ,  where 
i t  was h ig h e r  in  1971 (F ig u re  8 ) .
There were h ig h ly  s ig n i f i c a n t  d i f f e r e n c e s  among c u l t i v a r s  fo r  
pod c o lo r  (O .D .) . 'E m era ld ' had th e  b e s t  c o lo r  (0 .5 3  O .D .), fo llow ed  
by 'L o u is ia n a  Green V e lv e t ' (0 .4 0  O .D .) and 'Clemson S p in e le s s '
(0 .3 8  O .D .) (T able  3 ) .
The e f f e c t s  o f s ta g e  o f m a tu r ity  on pod c o lo r  were h ig h ly  
s i g n i f i c a n t .  The pod c o lo r  o f a l l  c u l t iv a r s  d id  v a ry  w ith  s ta g e  o f 
m a tu r i ty . Average b e s t  c o lo r  was reco rd ed  on the  5 th  day o f m a tu r ity  
when th e  pods were y o u n g est, th en  i t  g ra d u a lly  d ecreased  a s  m a tu r ity  
p ro g re sse d  (F ig u re  7 ) .
A h ig h ly  s ig n i f i c a n t  in t e r a c t io n  f o r  pod c o lo r  betw een th e  
y ea r and m a tu r ity  was p r e s e n t .  The c o lo r  was d a rk e r  in  1972 th a n  in  
1971 a t  a l l  pod ages (F ig u re  8 ) .  C olor v a r ie d  s i g n i f i c a n t ly  between 
th e  y ears  a t  a l l  s ta g e s  o f m a tu r i ty ,  b e in g  d a rk e r  in  th e  younger pods 
(5 days o ld )  and d e c re a s in g  to  a minimum le v e l  when pods were 11 days 
o ld  (F ig u re  8 ) .
A s ig n i f i c a n t  in te r a c t io n  betw een y e a r  and c u l t i v a r  was p re s e n t  
f o r  pod c o lo r .  When th e  average  o f  s e p a ra te  y e a rs  was compared 
'E m era ld ' had th e  b e s t  c o lo r ,  w ith  'L o u is ia n a  Green V e lv e t ' ran k in g  
in te rm e d ia te  and 'Clem son S p in e le s s ' hav ing  the  p o o re s t c o lo r .  In  1955 
J o n e s , S is tru n k , and M ille r  (72) re p o r te d  t h a t  the  'E m era ld ' showed 
th e  most in te n s e  g reen  c o lo r  among the  c u l t i v a r s .  'L o u is ia n a  M a rk e t, ' 









Figure 7, Effect of m a tu r ity  on a v e ra g e  pod c o lo r  





















and  pod color as an a v e ra g e  of 3 c u l% a r i
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l i g h t e r  th an  'E m e ra ld .' In  1972 a l l  3 c u l t i v a r s  had more c o lo r  th an  
in  1971 (F ig u re  9 ) .
H ighly  s ig n i f i c a n t  d if f e r e n c e s  among c u l t iv a r s  fo r  f i b e r  con­
t e n t  (d ry  w eigh t b a s is )  were found . The c u l t i v a r  'Clemson S p in e le s s ' 
had th e  h ig h e s t  amount o f f ib e r  (12.4% ), fo llow ed  by 'E m era ld ' (10.3%) 
and 'L o u is ia n a  Green V e lv e t ' (10%) (T able 3 ) .
The e f f e c t s  o f s ta g e  o f m a tu r ity  on th e  f ib e r  c o n ten t (d ry  
w eigh t b a s is )  were h ig h ly  s i g n i f i c a n t .  The f i b e r  c o n te n t o f th e  pods 
v a r ie d  a t  d i f f e r e n t  s ta g e s  o f m a tu r i ty . The low est amount o f  f ib e r  
(d ry  w eigh t b a s is )  was p re s e n t  on th e  5 th  day o f m a tu r i ty ,  and i t  
g ra d u a lly  in c re a se d  up to  th e  9 th  day o f m a tu r i ty ;  th e n  th e re  was a 
marked in c re a s e  o f f ib e r  (d ry  w eigh t b a s is )  from  th e  9 th  to  11th day 
o f m a tu r i ty .
A h ig h ly  s ig n i f i c a n t  in t e r a c t io n  was found between c u l t i v a r  
and m a tu r ity  f o r  f ib e r  c o n te n t .  On th e  a v e rag e , in  1971 and 1972 the  
f i b e r  c o n te n t (d ry  w eigh t b a s* s) fo r  'E m era ld ' and 'Clem son S p in e le s s ' 
in c re a se d  as m a tu r ity  p ro g re s se d , w hereas 'L o u is ia n a  Green V e lv e t ' con­
ta in e d  the  same amount o f f i b e r  (d ry  w eigh t b a s i s )  on th e  5 th  and 7th 
days o f  m a tu r ity  and in c re a se d  co n tin u o u s ly  t h e r e a f t e r  w ith  m a tu r ity  
o f  pods (F ig u re  1 0 ). S h e lo r and Woodroof (69) p re se n te d  d a ta  showing 
th a t  th e re  was a d e f i n i t e  r e l a t i o n  betw een pod age and crude f ib e r  
c o n te n t .  A s im ila r  s tu d y  was re p o r te d  by Jo n e s , S is tru n k  and M ille r  
(7 3 ) . F ib e r  developed in  pods on m a tu r i ty , d e s tro y in g  t h e i r  e d i b i l i t y .  
A ll c u l t iv a r s  s tu d ie d  by them became so f ib ro u s  as  to  be in e d ib le  by 

















Figure 9- Yearly v a r ia t io n s  in pod color of 3
c u ltiv a rs  of okra (1971-72) .
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A h ig h ly  s ig n i f i c a n t  in te r a c t io n  betw een y e a r  and m a tu r ity  fo r  
f ib e r  c o n ten t (d ry  w eigh t b a s is )  was a ls o  p r e s e n t .  In  1971, th e  f ib e r  
c o n te n t (d ry  w eigh t b a s i s )  d id  n o t in c re a s e  r e g u la r ly  w ith  m a tu r ity  
in  a l l  3 c u l t i v a r s .  F ib e r  had in c re a se d  s l i g h t l y  by th e  9 th  day and 
m arkedly by th e  11th day (d ry  w eigh t b a s i s ) .  The 9 -day  o ld  pods had 
more f ib e r  th an  5 and 7-day o ld  p o d s , and 11-day o ld  pods had by f a r  
th e  h ig h e s t  amount o f  f i b e r .  In  1972, th e  f i b e r  c o n te n t (d ry  w eigh t 
b a s i s )  in  a l l  3 c u l t iv a r s  in c re a se d  l i n e a r ly  as  th e  p h y s io lo g ic a l  
m a tu r ity  o f pods in c re a se d  (F ig u re  11 ).
There were no s ig n i f i c a n t  d i f f e r e n c e s  among c u l t i v a r s  f o r  f ib e r  
c o n te n t ( f r e s h  w eight b a s i s ) .  The h ig h e s t  amount o f  f i b e r  on a f r e s h  
w eigh t b a s is  was found in  'Clemson S p in e le s s  (1 .33% ), fo llow ed  by 
'E m era ld ' (1.15% ), and 'L o u is ia n a  Green V e lv e t ' (1.10% ) (T ab le  3 ) .
E f fe c ts  o f s ta g e  o f m a tu r i ty  on the  f ib e r  c o n te n t ( f r e s h  
w eig h t b a s is )  were h ig h ly  s ig n i f i c a n t .  A h ig h e r  f i b e r  c o n te n t was 
found in  5-day o ld  pods th an  in  7 -day  o ld  and 9-day  o ld  p o d s . The 11- 
day o ld  pods d e f in i t e ly  had th e  h ig h e s t  amount o f f i b e r  (F ig u re  10)*
A s ig n i f i c a n t  in te r a c t io n  betw een c u l t i v a r  and m a tu r ity  fo r  
f i b e r  c o n te n t ( f r e s h  w eigh t b a s i s )  was found . H ighly  s ig n i f i c a n t  d i f ­
fe re n c e s  were no ted  among c u l t iv a r s  a t  d i f f e r e n t  m a tu r i ty  s ta g e s  fo r  
f i b e r  c o n te n t ( f r e s h  w eigh t b a s i s ) .  'L o u is ia n a  Green V e lv e t ' and 
'E m era ld ' decreased  in  t h e i r  f ib e r  c o n te n t c o n tin u o u s ly  from 5 to  9 
days a f t e r  bloom ing, w hereas in  'Clemson S p in e le s s ' 7-day o ld  pods had 
th e  low est amount o f f i b e r  ( f r e s h  w eigh t b a s i s ) .  N ine-day  o ld  pods 
had more f ib e r  th an  5-day o ld  p o d s, and 5-day  o ld  pods had more f i b e r  
th a n  7-day o ld  pods. E leven -day  o ld  pods o f a l l  c u l t i v a r s  c o n s i s te n t ­
ly  had by f a r  th e  h ig h e s t  amount o f  f i b e r  ( f r e s h  w eig h t b a s is )


















Figure 11. Effect of m aturty  on fiber contet (dry weight 
basis) as an a v e rag e  of 3 cultivars of okra
(19 7 1 -7 2 ).
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H ighly  s ig n i f i c a n t  d if f e r e n c e s  were found among th e  c u l t iv a r s  
f o r  number o f  th ic k -w a lle d  ( f i b e r )  c e l l s  in  b o th  y ear (1971 and 1972) 
(T able  3 ) .  There were h ig h ly  s ig n i f i c a n t  d if f e r e n c e s  observed  a t  the  
d i f f e r e n t  s ta g e s  o f m a tu r i ty  fo r  th e  number o f  th ic k -w a lle d  c e l l s .
I t  was no ted  th a t  th e re  was a s ig n i f i c a n t  r e la t io n s h ip  between th e  
number o f  th ic k -w a lle d  c e l l s  and the  p h y s io lo g ic a l  m a tu r i ty  of th e  
pods. C u lt iv a r s  v a r ie d  s ig n i f i c a n t ly  in  th e  number o f  th ic k -w a lle d  
c e l l s  a t  each s ta g e  o f m a tu r i ty .  The number o f  th ic k -w a lle d  c e l l s  
in c re a se d  c o n tin u o u s ly  in  pods from  th e  5 th  to  th e  11th day as  m a tu r ity  
p ro g re sse d  (F ig u re  1 2 ).
During 1971 and 1972 'Clemson S p in e le s s ' had the  h ig h e s t  number 
o f  th ic k -w a lle d  c e l l s  (1 1 9 .0 , N o ./q u ad ren t o f  each o b je c t iv e 's  f i e l d  
o f  v iew ), 'E m era ld ' was ranked  in te rm e d ia te  (9 7 .7 ) ,  and 'L o u is ian a  
Green V e lv e t ' had th e  lo w est number o f  th ic k -w a lle d  c e l l s  (8 4 .7 ) (Table 
3) (Appendix 1, 2 , 3 ) .  I t  was n o ted  th a t  d if f e r e n c e s  in  th e  number o f 
th ic k -w a lle d  c e l l s  appeared  to  be a c u l t i v a r  c h a r a c t e r i s t i c ,  s in c e  th e se  
c u l t iv a r s  were grown under th e  same env iro n m en ta l c o n d i t io n s .
H ighly  s ig n i f i c a n t  d i f f e r e n c e s  betw een th e  y e a r 1971 and 1972 
were observed  fo r  number o f  th ic k -w a lle d  c e l l s .  The number o f th ic k -  
w a lled  c e l l s  was h ig h e r  in  1971 (1 0 5 .7 ) th an  in  1972 ( 9 5 .1 ) .  This 
m ight have been due to  d i f f e r e n c e s  in  env ironm en ta l c o n d it io n s . S ta rk  
and Mahoney (78 ) re p o r te d  t h a t  e x te r n a l  f a c to r s  appeared  to  be re sp o n s ­
ib le  f o r  th e  amount o f th ic k e n in g  in  c e l l  w a lls  o f th e  in n e r mesocarp 
o f two c u l t iv a r s  o f  snapbean, w ith  coo l te m p e ra tu res  and h igh  r a i n f a l l  
hav ing  a d e p re ss in g  e f f e c t  on in c re a se d  c e l l  w a ll th ic k n e s s . An 
in f lu e n c e  o f e x te r n a l  f a c to r s  was a ls o  re p o r te d  by K aldy (3 9 ) . 'T ender- 
long 15 ' and 'T e n d e rc ro p ' c u l t iv a r s  o f  g reen  snapbeans were grown in
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^ 'C lem son  splnelless* 
sa 'E m erald '
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Figure 12 . Effect of m atu rity  on number of thick-w alled 
cells of 3 c u l t iv a r s  of okra .
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greenhouse under warm (25°C) c o n d itio n s  and low er hum id ity  and under 
coo l (21°C) c o n d it io n s . 'T enderlong  15* beans were s ig n i f i c a n t ly  more 
f ib ro u s  when grown a t  th e  warmer th an  under c o o le r  c o n d it io n s , bu t 
th e re  was no d if f e r e n c e  in  th e  f ib e r  c o n te n t o f  'T en d e rc ro p ' grown under 
the  two c o n d it io n s . The f ib e r  c o n te n t o f  g reen  snapbeans appeared  to  
be a c u l t i v a r  c h a r a c t e r i s t i c  t h a t  was g r e a t ly  in f lu e n c e d  by tem pera­
tu re  and h u m id ity .
A h ig h ly  s ig n i f i c a n t  in t e r a c t io n  between c u l t i v a r s  and m a tu r ity  
e x i s t e d .  The number o f  th ic k -w a lle d  c e l l s  o f a l l  3 c u l t i v a r s  were 
minimal in  the young pods (5 days o ld )  and in c re a se d  g ra d u a lly  w ith  
m a tu r i ty .  There was a ra p id  in c re a s e  in  th e  number o f  th ic k -w a lle d  
c e l l s  in  pods from 7- to  9-days o ld  o f th e  c u l t i v a r s  'E m era ld ' and 
'L o u is ian a  Green V e lv e t ' ,  w hereas in  'Celmson S p in e le s s ',  a ra p id  in ­
c re a se  was no ted  in  9- to  11-day o ld  pods (F ig u re  1 2 ).
FERTILIZER STUDY
There were no s ig n i f i c a n t  d if f e r e n c e s  among f e r t i l i z e r  t r e a t ­
ment e f f e c t s  on pod w e ig h t, pod le n g th , p e rc e n t d ry  m a tte r ,  c o lo r  
(O .D .) , f ib e r  c o n te n t ,  o r  number o f  th ic k -w a lle d  ( f i b e r )  c e l l s  o f the  
c u l t iv a r  'E m era ld ' in  1971 o r 1972 (T ab les 4 and 5 ) .  In  a d d i t io n ,  
th e re  were no s ig n i f i c a n t  d if f e r e n c e s  in  m uscilage  c o n ten t in  1971 
(T able  4 ) .  A ll tre a tm e n ts  r e s u l te d  in  s im i la r  re sp o n se s , th e re fo re  th e  
a d d i t io n  o f e x tra  n i t ro g e n  o r com plete f e r t i l i z e r  d id  n o t in f lu e n c e  
pod q u a l i ty .  These in v e s t ig a t io n s  were p a r t i a l l y  in  agreem ent w ith  
r e s u l t s  o f s tu d ie s  in v o lv in g  f e r t i l i z a t i o n  re p o r te d  by A sif  and G reig  
( 7 ) .  They found th a t  maximum y ie ld  was o b ta in e d  from 120 lb  N/A, w h ile  
ap p ly in g  phosphorus and p o ta ss iu m  had no fa v o ra b le  in f lu e n c e  on y ie ld .  
Kam alanathan e t  a l .  (40) re p o r te d  s im ila r  r e s u l t s  w ith  phosphorus and 
p o tass iu m . Saim bhi and Padda (66) observed  th a t  th e re  were no s i g n i f i ­
c a n t  re sp o n ses  to  phosphorus a p p l ic a t io n s .  S u tto n  (80) and Verma e t  
a l .  (89) re p o r te d  s im i la r  r e s u l t s  w ith  p o ta ss iu m . Windham (93) and 
C handrasekharan and George (14) added th a t  th e  h ig h e s t  n itro g e n -p h o s -  
p h o ru s-p o ta ss iu m  le v e ls  had no b e n e f ic ia l  in f lu e n c e  on y ie ld .
H ighly s ig n i f i c a n t  d i f f e r e n c e s  w ere n o ted  fo r  a l l  q u a l i ty  
f a c to r s  ex cep t f i b e r  and th e  number o f th ic k -w a lle d  c e l l s /q u a d ra n t  o f 
each o b je c t iv e 's  f i e l d  o f view  in  a l l  f e r t i l i z e r  tre a tm e n ts  due to  
tag g in g  d a te  in  1971 (F ig u re s  13, 1 4 ) . H ighly  s ig n i f i c a n t  d if f e r e n c e s  
due to  tag g in g  d a te  were n o ted  fo r  a l l  q u a l i ty  f a c to r s  o th e r  th an  pod 
c o lo r  (O .D .) in  1972 (F ig u re s  16, 17, 18, 1 9 ) . Pods were tagged  one
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TABLE 4
EFFECTS OF FERTILIZER ON QUALITY FACTORS OF THE ’EMERALD1 CULTIVAR (1971)













% F ib e r  
(Dry w t. 
b a s is )
% F ib e r 
(F resh  w t. 
b a s is )
T h ick-w alled  
( f i b e r  c e l l s )  
(N o.)
1 . C o n tro l 0 -0 -0 18.8 15.5 10.2 3 .2 .33 8 .6 .88 70.6
2 . 36 -0 -0  + 16-0-0 20 .0 16 .0 10.2 2 .9 .34 8 .7 .90 62.2
3 . 36-72-36 + 16-0-0 19.9 16.1 10.1 1 .9 .34 8 .4 .84 72.2
4 . 48-96-48  + 16-0-0 20.4 16.1 10.1 2 .7 .34 8 .3 .84 66.2
N .S. N .S. N .S. N .S . N .S. N .S . N .S. N .S.
N .S. ■ N o n -S ig n ific an t F t e s t  a t  th e  1% le v e l .
TABLE 5
EFFECTS OF FERTILIZER ON QUALITY FACTORS OF THE 'EMERALD' CULTIVAR (1972)













7. F ib e r  
(Dry w t. 
b a s is )
% F ib e r  
(F resh  w t. 
b a s is )
T h ick-w alled  
( f ib e r )  c e l l s  
(N o.)
1. C o n tro l 0 -0 -0 7 .7 9 .2 12.3 3 .8 .85 8 .0 .99 70.8
2 . 36 -0 -0  + 16-0-0 8 .0 9 .5 13.3 3 .8 .87 7 .8 1.04 59.2
4 . 36-72-36 + 0 -0 -0 8 .4 9 .7 12 .0 3 .8 .80 8 .1 1.06 67.9
5 . 48-96-48 + 16-0-0 7 .8 9 .2 11 .8 3 .6 .82 7 .8 .99 65.8
N .S. N .S. N .S . N .S . N .S . N .S. N.S. N .S.
N .S . ■ N o n -S ig n if ic a n t F t e s t  a t  th e  1% l e v e l .
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week a p a r t ,  and h a rv e s te d  when 7-days o ld . I t  re v e a le d  th a t  s i g n i f i ­
can t v a r i a t io n  e x is te d  fo r  th e se  q u a l i ty  f a c to r s  a t  the  same s ta g e  o f 
m a tu r ity  among d i f f e r e n t  tag g in g  d a te s .  The q u a l i ty  f a c to r s  v a r ie d  
among d i f f e r e n t  d a te s  when h a rv e s te d  a t  th e  same p h y s io lo g ic a l  s ta g e  
o f m a tu r i ty ,  p ro b ab ly  because o f v a ry in g  env iro n m en ta l v a r i a t i o n s .
On th e  av e rag e , f e r t i l i z e r  a p p l ic a t io n s  produced h e a v ie r  and 
lo n g e r pods in  1971 th an  in  1972. C ulpepper and Moon (21) re p o r te d  
t h a t  f r u i t  growth was more th an  doubled f o r  each 18°F in c re a se d  in  
te m p e ra tu re .
A ccording to  Jo n e s ' (37 ) d a ta ,  pod y ie ld s  f o r  a l l  4 f e r t i l i z e r  
tre a tm e n ts  were h ig h e r in  1970 th an  in  1971. The d if f e r e n c e s  in  pod 
y ie ld  from y ear to  y ear m ight have been  due to  d i f f e r e n c e s  in  c l im a tic  
c o n d it io n s . In  1971, the  season  was a b i t  wet w ith  f lu c tu a t in g  tem­
p e r a tu r e s .  Thus, h ig h e r  te m p e ra tu res  and r e l a t i v e l y  d ry  c o n d itio n s  
w ith  m oderate r a i n f a l l  were more fa v o ra b le  fo r  okra  p ro d u c tio n  in  1970 
th an  low er tem p e ra tu res  and a d d i t io n a l  m o is tu re  o f  1971. T h is o b se rv a ­
t io n  i s  a ls o  su p p o rted  by J a n e s ' (34) th e o ry  th a t  th e  te m p e ra tu re , 
m o is tu re  su p p ly , l i g h t ,  and r e l a t i v e  hum id ity  had a g r e a te r  in f lu e n c e  
on pod q u a l i ty  and growth r a t e  th an  v a r io u s  le v e ls  o f  f e r t i l i z e r  a p p l i ­
c a t io n .
The d ry  m a tte r  c o n te n t ,  m uscilage  c o n te n t ,  pod c o lo r  (O .D .), 
and f ib e r  c o n te n t ( f r e s h  w eigh t b a s is )  were found to  be h ig h e r  in  1972 
th an  in  1971. The f ib e r  c o n te n t (d ry  w eigh t b a s is )  and number of 
th ic k -w a lle d  c e l l s  were h ig h e r  in  1971, ex cep t in  f e r t i l i z e r  tre a tm e n t 
No. 1 ( c o n t r o l ) ,  which produced h ig h e r  numbers o f  th ic k -w a lle d  c e l l s  
in  1972 (T able 5 ) .  This was p ro b ab ly  because o f  c o o le r  tem p era tu res  
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Figure 13- The pod weight, length/ dry m atter and  m uscilage content
of Emerald okra pods which had been tagged a t w eekly














pods which had 
a t weekly intervals and  
7 days of ag e  1971.
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Figure 14. The color of 'E m era ld ' okra 
been tagged  
harvested a t
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Figure 15- T he effects of fertlizer treatm ent on the 
number of thick -  w alled  (fiber) cells of 
'Emerald' okra pods which had been 
logged a t  weekly in te rv a ls  and  harvested
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Ngur» IT-Tht dry m a tte r and  m uscilage content of 'Emerald’ okra pods w hich had 
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Figure 19. The number of thick -  walled (fiber) cells
of Emerald okra pods which h a d  been
logged a t weekly intervals and harvestd
ot 1 days of age —  1972 .
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r e s u l t s  o f th e  m a tu r ity  s tu d y  o f  bo th  y e a rs  (1971 and 1972). S ta rk  
and Mahoney (78) re p o r te d  t h a t  co o l tem p e ra tu res  and h igh  r a i n f a l l  
had an ad v erse  e f f e c t  on in c re a se d  c e l l  w a ll th ic k n e ss  o f 2 c u l t iv a r s  
o f snapbean. S im ila r  o b se rv a tio n s  were a ls o  re p o r te d  by Kaldy (39) 
w ith  2 c u l t i v a r s  o f g reen  snapbeans.
A s ig n i f i c a n t  in te r a c t io n  betw een f e r t i l i z e r  tre a tm e n ts  and 
tag g in g  d a te  fo r  th e  number o f th ic k -w a lle d  c e l l s  was p re s e n t  in  1971 
(F ig u re  1 5 ). F e r t i l i z e r  tre a tm e n ts  produced v a ry in g  numbers o f  th ic k -  
w a lled  ( f i b e r )  c e l l s  a t  d i f f e r e n t  tag g in g  d a te s .  F e r t i l i z e r  tre a tm e n t 
No. 2 (3 6 -0 -0  + 16-0-0) produced the minimum number o f th ic k -w a lle d  
c e l l s  (5 2 .5  N o ./q u a d ra n t) . T reatm ent No. 3 (36-72-36  + 16-0-0) p ro ­
duced th e  h ig h e s t  number o f th ic k -w a lle d  c e l l s  (79 .8 ) on th e  1 s t  tag g in g  
d a te .  On the  2 tag g in g  d a te ,  f e r t i l i z e r  tre a tm e n t No. 4 (48-96-48  + 
16-0-0) produced the  minimum number o f  th ic k -w a lle d  c e l l s ,  and h ig h e s t  
number o f  th ic k  w alled  c e l l s  was produced by tre a tm e n t No. 3 , on th e  
3 rd  tag g in g  d a te .  The minimum number o f  th ic k -w a lle d  c e l l s  were p ro ­
duced by f e r t i l i z e r  tre a tm e n t No. 3 , and h ig h e s t  number by f e r t i l i z e r  
tre a tm e n t No. 1 ( c o n t r o l ,  0 -0 -0  + 0 -0 -0 ) (T ab le  4 ) .  T his may be due 
to  env ironm enta l f a c to r s .
A h ig h ly  s ig n i f i c a n t  in t e r a c t io n  fo r  m uscilage  c o n te n t betw een 
f e r t i l i z e r  tre a tm e n ts  and ta g g in g  d a te  was p re s e n t  in  1972 (F ig u re  2 0 ) . 
F e r t i l i z e r  tre a tm e n ts  d id  n o t produce th e  same re sp o n se  a t  each tag g in g  
d a te .  F e r t i l i z e r  tre a tm e n t No. 1 produced th e  low est m uscilage c o n te n t 
on th e  2nd tag g in g  d a te .  F e r t i l i z e r  tre a tm e n ts  No. 2 and No. 3 
produced pods w ith  the  most m uscilage  on th e  1 s t  tag g in g  d a te ;  w hereas, 
f e r t i l i z e r  tre a tm e n t No. 4 produced the  lo w est amount o f m uscilage  on 
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Figure 2 0 . The effects of fertilizer treatm ent on the mucilage 
content of 'Emerald’ o k ra  pods which had  been 
tagged a t weekly in tervals and  harvested a t
7 days o f a g e - -  1972.
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amount of m uscilage on th e  7 th  ta g g in g  d a te .  In c re a s in g  n i tro g e n  o r 
com plete f e r t i l i z e r  a p p l ic a t io n  had no in f lu e n c e  on pod m uscilage 
c o n ten t (Table 5 ) .  T h is in d ic a te s  th a t  env ironm enta l f a c to r s  p robab ly  
p layed  a la rg e r  r o le  in  m uscilage  p ro d u c tio n  th an  f e r t i l i z e r  a p p l ic a ­
t io n .  Jan es  e t  a l .  (34) came to  the  same c o n c lu s io n , th a t  th e  c l im a tic  
f a c to r s  a s s o c ia te d  w ith  d i f f e r e n t  lo c a t io n s  o r  seasons e x e r t  a g re a te r  
in f lu e n c e  on the  r e l a t i v e  v ita m in  c o n te n t o f  c o l l a r d s ,  b ro c c o li  and 
c a r r o ts  than  c u l t i v a r ,  s o i l  ty p e  o r f e r t i l i z e r  a p p l ic a t io n .  They 
a ls o  claim ed th a t  the  i n te n s i ty  of l i g h t  to  which the  p a r t i c u l a r  p la n t  
p a r t - - f r u i t  o r l e a f —is  s u b je c te d  in f lu e n c e s  th e  a sc o rb ic  a c id  c o n te n t . 
High l ig h t  in te n s i ty  i s  a s s o c ia te d  w ith  h igh  a sc o rb ic  a c id  c o n te n t .
POD PARTS STUDY
The average w eigh t and le n g th  o f th e  whole pods were 10 gm and 
11 cm, r e s p e c t iv e ly .  Pod w eigh t appeared  to  be c o r r e la te d  w ith  len g th  
o f  the  pods o f th e  c u l t i v a r  'E m e ra ld . ' The 1 s t  tag g in g  produced the  
h e a v ie s t  and lo n g e s t pods; w hereas, o th e r  tag g in g s  produced l i g h t e r  and 
s h o r te r  pods (T able  6 ) ,  in d ic a t in g  th a t  t h i s  may be due to  env ironm ental 
c o n d i t io n s .
S t a t i s t i c a l l y ,  th e re  w ere no s ig n i f i c a n t  d i f f e r e n c e s  in  dry
m a tte r  c o n te n t , m u sc ilag e , o r f i b e r  c o n te n t among pod p a r t s  o f  the
»
c u l t i v a r  ' E m e r a l d . '  B u t  t h e r e  w a s  a  v a r i a t i o n  a m o n g  t h e  p o d  p a r t s  i n  
m u s c i l a g e  c o n t e n t  a n d  a l s o  i n  f i b e r  c o n t e n t ,  w h e n  e x p r e s s e d  o n  a  f r e s h  
w e i g h t  b a s i s .  T h e  b u t t  p o r t i o n  o f  t h e  p o d  h a d  t h e  h i g h e s t  m u s c i l a g e  
a n d  f i b e r  ( f r e s h  w e i g h t  b a s i s )  c o n t e n t s ,  a n d  t h e  e n d  p o r t i o n  p r o d u c e d  
t h e  l o w e s t  m u s c i l a g e  c o n t e n t ,  w h i l e  t h e  m i d d l e  p o r t i o n  h a d  t h e  l o w e s t  
f i b e r  c o n t e n t  ( f r e s h  w e i g h t  b a s i s ) .
TABLE 6
EFFECT OF POD PARTS ON QUALITY FACTORS OF THE 'EMERALD' CULTIVAR (1972)
Ave. w eight Ave. len g th
of o f Dry % F ib e r  % F ib e r  T hick-w alled
w hole pods whole pods Pod P a r ts  M atte r M uscilage C olor (Dry w t. (F resh  w t. (F ib e r )  c e l l s
(gm) (cm) (%) (%) (O .D .) B as is ) B as is ) No.
9.97 10.97 B u tt 12.1  a 4 .07  a 0.65 a 8 .4  a 1.02 a 69.2 a
M iddle 12.1 a 3 .5 6  a 0 .99 b 7 .6  a 0.93 a 70 .9  a
End (T ip ) 11.9  a 3 .48  a 1.12 b 8 .1  a 0 .96  a 87.5  b
Mean s e p a ra tio n  in  columns by D uncan's M u ltip le  Range T e s t, 1% l e v e l .  Means having the  same l e t t e r  
a re  n o t s ig n i f i c a n t ly  d i f f e r e n t  from each o th e r .
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In  the  pod p a r t s ,  no s ig n i f i c a n t  d i f f e r e n c e s  were n o ted  in  
q u a l i ty  f a c to r s  due to  tag g in g  d a te  when th e  pods were tagged on a l t e r ­
n a te  days and h a rv e s te d  on the  7 th  day a f t e r  ta g g in g .
H i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  n o t e d  a m o n g  t h e  p o d  p a r t s  
i n  c o l o r .  O n  t h e  a v e r a g e ,  t h e  e n d  p o r t i o n  o f  t h e  p o d  h a d  t h e  b e s t  
c o l o r  (1 .1 2  O . D . ) ,  t h e  m i d d l e  p o r t i o n  o f  t h e  p o d  p r o d u c e d  m e d i u m  c o l o r  
(0 .9 9  O . D . ) ,  a n d  t h e  b u t t  p o r t i o n  o f  t h e  p o d  h a d  t h e  l o w e s t  c o l o r  
(0 .6 5  O . D . )  ( T a b l e  6 ) . T h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  
t h e  e n d  a n d  m i d d l e  p o r t i o n  o f  t h e  p o d s  w h e n  t h e  m e a n s  w e r e  c o m p a r e d  b y  
D u n c a n ' s  M u l t i p l e  R a n g e  T e s t  (2 4 ) ; h o w e v e r ,  t h e  b u t t  p a r t  w a s  s i g n i f i ­
c a n t l y  l o w e r  i n  c o l o r  ( O . D . )  t h a n  t h e  e n d  p a r t  o r  t h e  m i d d l e  p a r t  o f  
t h e  p o d s .
H ighly s ig n i f i c a n t  d if f e r e n c e s  were found among the  pod p a r ts  
f o r  th e  number o f th ic k -w a lle d  c e l l s .  The t i p  o r  end p a r t  o f th e  pod 
had th e  h ig h e s t  number of th ic k -w a lle d  ( f i b e r )  c e l l s  (8 7 .5  H o ./quad ­
r a n t ) ,  fo llow ed  by th e  m iddle p a r t  o f  th e  pod (7 0 .9 ) ,  and b u t t  p a r t  o f 
the  pod ( 6 9 .2 ) .  The number o f th ic k -w a lle d  c e l l s  o f th e  m iddle and 
b u t t  p a r ts  d id  n o t v a ry  s ig n i f i c a n t ly ;  how ever, th e  t i p  p a r t  was 
s ig n i f i c a n t ly  h ig h e r  in  i t s  number o f th ic k -w a lle d  c e l l s  th an  the  b u t t  
and m iddle p a r t s  o f the  pods (T able  6 ) .  High c o n c e n tra tio n  o f th ic k -  
w a lled  c e l l s  r e s u l te d  in  h a rd e r  p o r t io n .  The end p o r t io n  became more 
f ib ro u s  and h a rd e r  th an  the  b u t t  and m iddle p o r t io n s ,  due to  th e  high  
c o n c e n tra tio n  o f th ic k -w a lle d  c e l l s  in  th e  end p o r t io n  o f the  pod.
A N A T O M I C A L  S T U D Y
H i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  n u m b e r  o f  t h i c k - w a l l e d  
( f i b e r )  c e l l s  a m o n g  p o d  p a r t s  w e r e  o b s e r v e d .  T h e  t i p  o r  e n d  p a r t  o f
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th e  pod had th e  h ig h e s t  number o f th ic k -w a lle d  c e l l s  (7 3 .4  N o./quad­
r a n t )  fo llow ed  by th e  m iddle p a r t  ( 68 . 8) and b u t t  p a r t  o f th e  pod 
(6 0 .3 ) .
The e f f e c t s  o f m a tu r ity  on the  number o f th ic k -w a lle d  ( f i b e r )  
c e l l s  o f  th e  pod p a r t s  were h ig h ly  s i g n i f i c a n t .  The minimum number 
o f  th ic k -w a lle d  ( f ib e r )  c e l l s  were observed  when th e  pods were youngest 
(3 -d ay  o ld ) ,  w hereas the  h ig h e s t  number o f  th ic k -w a lle d  ( f i b e r )  c e l l s  
were observed  when pods were 11-days o ld  (Appendix 4 ,  5 , 6 , 7 , 8 ,  9 ,
10, 11, 12).
A h ig h ly  s ig n i f i c a n t  in t e r a c t io n  in  the  number o f  th ic k -w a lle d  
c e l l s  between pod p a r t s  and m a tu r i ty  was n o te d . Pod p a r t s  v a r ie d  
s ig n i f i c a n t ly  in  t h e i r  number o f  th ic k -w a lle d  c e l l s  a t  each s ta g e  o f 
m a tu r i ty . The number o f  th ic k -w a lle d  c e l l s  in c re a se d  a s  m a tu r ity  
p ro g ressed  in  ev ery  pod p a r t .  There was a ra p id  in c re a s e  in  the  
number o f  th ic k -w a lle d  ( f i b e r )  c e l l s  from 8 -  and 11-day  o ld  pods in  
th e  m iddle and t i p  p a r t s ,  w hereas in  th e  b u t t  p a r t ,  a r a p id  in c re a s e  
o ccu rred  in  8 - to  10-day o ld  po d s. On th e  11th day , th e  number o f 























Figur* 21 . Effects of maturity and pod p a r t  on the number
of th ick-w alled  fiber cells of 'Emerald’ okra pods.
SUMMARY
The main o b je c t iv e  o f  t h i s  s tu d y  was to  in v e s t ig a te  th e  i n f l u ­
ence o f c u l t i v a r ,  s ta g e  o f m a tu r ity  and le v e l  o f  f e r t i l i z e r  on 
c e r t a in  v a r ia b le s  o f  okra pods. An an a to m ica l s tu d y  was a ls o  designed  
to  determ ine  the  s ta g e  o f f ib ro u sn e s s  o r  number o f  th ic k -w a lle d  c e l l s  
in  d i f f e r e n t  c u l t iv a r s  and th e  in f lu e n c e  of f e r t i l i z e r  l e v e l ,  s ta g e  o f 
m a tu r i ty , and pod p a r t  on th e  number o f th ic k -w a lle d  c e l l s .
C u lt iv a r  s ig n i f i c a n t ly  a f f e c te d  pod w eigh t and le n g th , and 
th e se  f in d in g s  a re  in  agreem ent w ith  S is tru n k  and Jones (7 3 ) . In  th e  
c u l t i v a r  s tu d y , pod w eigh t appeared  to  be n e g a tiv e ly  c o r r e la te d  w ith  
m uscilage c o n te n t . 'Clemson S p in e le s s ' produced th e  h e a v ie s t  pods 
w ith  th e  low est m uscilage  c o n te n t;  w hereas, 'L o u is ia n a  Green V e lv e t ' 
produced the  l i g h t e s t  pods w ith  the  h ig h e s t  m uscilage  c o n te n t .
Average pod le n g th , d ry  m a tte r  c o n te n t ,  c o lo r  (O .D .) , and f i b e r  
c o n ten t o f a l l  th re e  c u l t iv a r s  appeared to  be d i r e c t l y  c o r r e la te d  w ith  
each o th e r .
On the  average  the  'E m erald ' c u l t i v a r  produced th e  lo n g e s t 
pods w ith  th e  h ig h e s t  dry  m a tte r  c o n te n t ,  th e  b e s t  c o lo r ,  and th e  
h ig h e s t  f ib e r  c o n te n t .  The lo n g e r and h a rd e r  pods u s u a lly  had a h ig h e r  
f ib e r  c o n te n t .
'L o u is ia n a  Green V e lv e t ' produced pods th a t  were medium in  
le n g th , w ith  medium dry  m a tte r  c o n te n t ,  medium c o lo r  (O .D .) , and 
medium f ib e r  c o n te n t .  "Em erald ' and 'L o u is ia n a  Green V e lv e t ' d id  n o t 
d i f f e r  in  d ry  m a tte r  c o n te n t ,  m u sc ilag e , o r  f i b e r  c o n te n t ( f r e s h  w eight 
b a s i s ) .
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'Clemson S p in e le s s ' produced th e  s h o r te s t  pods w ith  th e  low est 
d ry  m a tte r  c o n te n t ,  l e a s t  c o lo r  (O .D .) , low est m u sc ilag e , and low est 
f i b e r  c o n te n t . C u lt iv a r  had no e f f e c t  on pod c o lo r  o r  f ib e r  c o n te n t 
(d ry  w eight b a s i s ) .
Tagging on a l t e r n a t e  days caused s ig n i f i c a n t  d if f e r e n c e s  in  
pod w eigh t and le n g th , d ry  m a tte r  and m uscilage  c o n te n t ,  and pod c o lo r  
(O .D .) . Tagging o f blooms b e fo re  opening should  r e s u l t  in  pods o f the  
same p h y s io lo g ic a l  m a tu r i ty .  However, s i g n i f i c a n t  d i f f e r e n c e s  were 
n o te d , in d ic a t in g  th a t  env ironm en ta l f a c to r s  may be p la y in g  a m ajor 
ro le  in  pod developm ent.
This env ironm en ta l in f lu e n c e  may h e lp  to  accoun t fo r  d if f e r e n c e s  
re p o r te d  in  th e  l i t e r a t u r e  co n cern in g  optimum m a tu r ity  and h a rv e s t  fo r  
b e s t  q u a l i ty .
C u l t iv a r  and s ta g e  o f m a tu r ity  in f lu e n c e d  th e  q u a l i ty  f a c to r s ,
i . e . ,  pod le n g th , m u sc ilag e , f i b e r  c o n te n t (d ry  w eigh t and f r e s h  w eight 
b a s is )  and number o f  th ic k -w a lle d  c e l l s .  These q u a l i ty  v a r ia b le s  v a r ie d  
s ig n i f i c a n t ly  a t  each s ta g e  o f m a tu r i ty .  Pod le n g th , f i b e r  (d ry  w eight 
b a s i s ) ,  and number o f th ic k -w a lle d  c e l l s  in c re a se d  as  m a tu r ity  p ro ­
g ressed  in  bo th  y ear (1971 and 1972). T h is i s  in  agreem ent w ith  S he lo r 
and Woodroof (69) and Jo n e s , S is tru n k  and M ille r  (7 3 ) .  In  th e  p re s e n t  
s tu d y , pod f i b e r  c o n te n t ( f r e s h  w eigh t b a s i s )  d ec rea sed  to  a minimum 
le v e l  a t  11 days.
Pod m uscilage  c o n te n t o f  th e  d i f f e r e n t  c u l t iv a r s  d ecreased  w ith  
m a tu r i ty , m arkedly a f f e c t in g  th e  q u a l i ty  o f pods. T his i s  in  agreem ent 
w ith  th e  f in d in g s  o f  Woodroof and S h e lo r (6 4 ) . The younger (5 -day  o ld )  
pods o f th e  c u l t i v a r  'E m era ld ' and 'Clemson S p in e less*  produced th e  
h ig h e s t  amount of m u sc ilag e , w h ile  th e  o ld e r  ( 11-day  o ld ) pods produced
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th e  low est amount o f m uscilage in  both  y ea rs  and in  bo th  c u l t i v a r s .  
'L o u is ia n a  Green V e lv e t ' co n ta in ed  the  h ig h e s t  amount o f m uscilage  on 
th e  7 th  day of m a tu r ity  in  bo th  y e a r s .
D iffe re n c e s  betw een y e a r s ,  a t  each s ta g e  o f  m a tu r ity  were 
r a te d  in  m uscilage  c o n te n t ,  pod c o lo r  (O .D .) , and f ib e r  c o n te n t (d ry  
w eigh t b a s i s ) .  D iffe re n c es  betw een y e a rs  and c u l t iv a r s  in  pod c o lo r  
(O .D .) were p robab ly  caused by d i f f e r e n t  env ironm enta l c o n d it io n s .
The c u l t iv a r s  showed s ig n i f i c a n t  d if f e r e n c e s  in  q u a l i ty  
f a c to r s ,  i . e . ,  pod w e ig h t, le n g th , d ry  m a tte r  c o n te n t ,  m uscilage 
c o n te n t , c o lo r  (O .D .), f i b e r  c o n te n t (d ry  w eigh t b a s is )  and number o f 
th ic k -w a lle d  c e l l s  in  bo th  y e a rs  (1971 and 1972). C u lt iv a r  d id  n o t 
in f lu e n c e  the  f i b e r  c o n te n t ( f r e s h  w eight b a s i s ) .  These f in d in g s  a re  
in  p a r t i a l  agreem ent w ith  th e  c u l t i v a r  s tu d y , pod c o lo r  (O .D .) and 
f ib e r  c o n ten t (d ry  w eigh t b a s is )  were n o t a f f e c te d  by c u l t i v a r ,  in  
c o n tr a s t  w ith  th e  s tu d y  o f c u l t i v a r  and m a tu r i ty .
'Clemson S p in e le s s ' produced th e  h e a v ie s t  and s h o r te s t  pods.
I t  had the  lo w est dry  m a tte r  c o n te n t ,  m uscilage c o n te n t ,  and l e a s t  
c o lo r  (O .D .). This i s  in  agreem ent w ith  th e  c u l t i v a r  s tu d y . 'Clemson 
S p in e le s s ' produced pods w ith  th e  h ig h e s t  f ib e r  c o n te n t (d ry  w eigh t 
and f re s h  w eigh t b a s i s ) .  These r e s u l t s  a re  in  c o n t r a s t  w ith  th e  c u l t i ­
v a r  s tu d y . T h is c u l t i v a r  a ls o  produced th e  h ig h e s t  number o f th ic k -  
w a lled  ( f i b e r )  c e l l s .
'E m era ld ' had the  lo n g e s t b u t in te rm e d ia te  w eigh t pods o f the  
3 c u l t iv a r s  s tu d ie d . T his c u l t i v a r  had th e  h ig h e s t  amount o f  d ry  
m a tte r  and b e s t  pod c o lo r  among 3 c u l t i v a r s .  I t  ranked in te rm e d ia te  
f o r  m uscilage c o n te n t .  These f in d in g s  a re  in  f u l l  agreem ent w ith  the  
c u l t i v a r  s tu d y . 'E m erald ' a ls o  co n ta in ed  an in te rm e d ia te  amount o f
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f ib e r  (d ry  w eigh t and f r e s h  w eigh t b a s i s ) .  The number o f  th ic k -w a lie d  
c e l l s  was n o t s ig n i f i c a n t ly  d i f f e r e n t  between th e  c u l t i v a r  'Clemson 
S p in e le s s ;  and 'E m e ra ld .'
'L o u is ia n a  Green V e lv e t ' had th e  l i g h t e s t  pods, w ith  i n t e r ­
m ed ia te  le n g th . I t  had a medium amount o f  d ry  m a tte r  and h ig h e s t  
m uscilage  c o n te n t ,  pod c o lo r  (O .D .) , which was in  f u l l  agreem ent w ith  
th e  c u l t i v a r  s tu d y . I t  a ls o  had th e  low est f ib e r  c o n te n t (d ry  w eight 
and f re s h  w eight b a s is )  and number o f  th ic k -w a lle d  c e l l s .
Thus, m a tu r ity  s ig n i f i c a n t ly  a f f e c te d  a l l  q u a l i ty  f a c to r s  of 
the  3 c u l t iv a r s  s tu d ie d .  There was a s ig n i f i c a n t  r e la t io n s h ip  between 
q u a l i ty  f a c to r  o f the  c u l t iv a r s  and s ta g e  o f m a tu r i ty .
None o f th e  f e r t i l i z e r  tre a tm e n ts  had any in f lu e n c e  on the 
q u a l i ty  f a c to r s  o f  the  'E m era ld ' c u l t i v a r  d u rin g  1971 o r 1972. These 
r e s u l t s  a re  in  agreem ent w ith  o th e r  re p o r te d  d a ta  (7 , 14, 34, 37, 66 ,
89, 93 ) .  So, i t  was concluded th a t  a d d i t io n  o f e x tra  n i tro g e n  o r 
com plete f e r t i l i z e r  had no b e n e f ic ia l  e f f e c t  on q u a l i ty  o f p o d s .
Tagging d a te  in f lu e n c e d  a l l  o f  th e  q u a l i ty  f a c to r s  s ig n i f i c a n t ly  
ex cep t f ib e r  (d ry  w eigh t and f re s h  w eigh t b a s is )  and th e  number o f th ic k -  
w a lled  c e l l s  d u rin g  1971 and pod c o lo r  (O .D .) in  1972. Tagging d a te  
was a s s o c ia te d  w ith  v a r i a t io n s  in  q u a l i ty  f a c to r s  in  pods h a rv e s te d  
a t  d i f f e r e n t  d a te s  a t  th e  same s ta g e  o f  m a tu r i ty .  D iffe re n c e s  in  
q u a l i ty  f a c to r s  may be due to  d i f f e r e n t  env ironm enta l c o n d itio n s  p r e ­
ced in g  th e  tim e o f h a rv e s t  (d u rin g  th e  pod growth p e r io d ) ,  which i s  
in  agreem ent w ith  r e p o r ts  o f many re s e a rc h e r s  (2 1 , 34 , 3 7 ).
In  1971, d i f f e r e n t  f e r t i l i z e r  tre a tm e n ts  and tag g in g  d a te s  
produced pods w ith  v a ry in g  numbers o f  th ic k -w a lle d  c e l l s .  In  1972, 
f e r t i l i z e r  tre a tm e n ts  and tag g in g  d a te s  produced pods w ith  d i f f e r e n t
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m uscilage  c o n te n ts .  These in v e s t ig a t io n s  suggested  th a t  a d d it io n  o f  
n i t ro g e n  o r com plete f e r t i l i z e r s  (n i t ro g e n , phosphorus, and po tassium ) 
d id  n o t a f f e c t  the  q u a l i ty  o f pods. D iffe re n c e s  in  th e  number o f 
th ic k -w a lle d  c e l l s  and pod m uscilage were due to  d i f f e r e n t  w eather con­
d i t io n s  (7 , 14, 66) .
F e r t i l i z e r  tre a tm e n t No. 4 (48-96-48  + 16-0 -0 ) in flu en c ed  pod 
c o lo r  (O .D .) and number o f  th ic k -w a lle d  c e l l s  s i g n i f i c a n t ly  o f a l l  
pod p a r t s  o f c u l t i v a r  'E m e ra ld . ' The end o r t i p  p o r t io n  o f th e  pod 
produced the  b e s t  c o lo r  and th e  h ig h e s t  number o f th ic k -w a lle d  ( f ib e r )  
c e l l s .  This r e s u l te d  in  h a rd e r  end p o r t io n s  than  b u t t  o r  m iddle p o r t io n s .  
The b u t t  and m iddle p o r t io n s  d id  n o t d i f f e r  s i g n i f i c a n t ly  from each 
o th e r  in  th e  number o f th ic k -w a lle d  c e l l s  and h a rd n e ss . The c o lo r  
(O .D .) o f th e  m iddle and end p o r t io n s  d id  n o t d i f f e r  from each o th e r ,  
however, th e  b u t t  p a r t  was ra te d  poor in  c o lo r  (O .D .).
N e i t h e r  p o d  p a r t  n o r  t a g g i n g  d a t e  c a u s e d  a n y  d i f f e r e n c e  i n  d r y  
m a t t e r ,  m u s c i l a g e ,  o r  f i b e r  c o n t e n t  ( d r y  w e i g h t  a n d  f r e s h  w e i g h t  b a s i s ) .
Pod p a r t s  o f  c u l t i v a r  'E m erald ' t r e a te d  w ith  f e r t i l i z e r  t r e a t ­
ment No. 3 (36-72-36  +  0 -0 -0 ) v a r ie d  in  th e  number o f th ic k -w a lle d  
( f i b e r )  c e l l s .  The end o r t i p  p o r t io n  produced th e  h ig h e s t  number o f 
th ic k -w a lle d  c e l l s ,  fo llow ed  by th e  m iddle and b u t t  p o r t io n s .  These 
in v e s t ig a t io n s  a re  in  f u l l  agreem ent w ith  th e  pod p a r t  s tu d y  done w ith  
f e r t i l i z e r  tre a tm e n t No. 4 (48-96-48+16-0-0)*  Pod p a r t  and s ta g e  of 
m a tu r ity  (from  3 to  11 d ay s , d a i ly )  a f f e c te d  th e  number o f  th ic k -w a lle d  
c e l l s .  Younger (im m ature, 3 rd  day) pods produced a minimum, and o ld e r  
(m atu re , 11th  day) pods produced the  h ig h e s t  number o f  th ic k -w a lle d  
c e l l s .  The end p o r t io n  o f the  pod was th e  o ld e s t  p o r t io n  which became 
f ib ro u s  e a r l i e r  th an  th e  b u t t  and m iddle p o r tio n s  w ith  m a tu r i ty .  T h is
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su g g es ts  th a t  th e  number o f th ic k -w a lle d  c e l l s  and h ard n ess  o f every  
pod p a r t  in c re a se d  w ith  m a tu r i ty ;  th e r e f o r e ,  pods should  be h a rv e s te d  
when th ey  a re  te n d e r  and have the  b e s t  q u a l i ty .
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